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AIRPLANE TACHOMETERS.

BY G.E.WMHBURN.
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INTRODUCTION.

This report is Section V of a series of reports on aeronautic instruments (Technical Reports
Nos. 125 te 132, incksive) prepared by the Aeronautic Instruments Section of the Bureau of
Standards under research authorizations fornqdated and recommended by the Subcommittee
on Aerodymmics and approved by the h7ationalAdvisory Committee for Aeronautics.” Much
of the material contained in this report was made avaikble through the coopemtion of the
‘War and Navy Departments.

SUMMARY.

This part gives a fairly complete discussion of all the various types of airplane tachometers
studied at the Bureau of Standards. French, Genmm, and American chronometric tachom-
eters are descriied in detail; also several types of foreign and domestic centrifugal tachom-
eters. These types, chronometric and centrifugtil, were those most extensively used by the

. Allied and Entente forces. In addition, a description is giyen of various tachometers of the
electric, air viscosity, air-leak, inagnetic, mercury viscosity, and liquid centrifugal types which
have been used to some extent on aircraft.

USESOF AIRPLANETACHOMETERS.

The airphme tachometer shows how fast the crank or propeller shaft of the engine is
revolving. As a ruIe it indicates the re-rolutions per minute, or revolutions per minute of the
shaft. It is drkm usually by a flexibIe cable running from the engine to the instrument board.

The tachometer is often spoken of as the “revolution indicator,” or “rev. indicator.”
Re-rolution indicators, however, show re-rolutions only, whereas tachometers show speed or
rate of revolution.

Tachometers should” be distinguished dso from Speedometer. The latter, though the
same in principle, are used for a &fkrent purpose; namely, to show the speed of automobiIes
over the ground in miles per ho=.

The principaI use of the tachometer is as a detector of engine trouble. Engine trouble of
any kind remdts “m a sIowing down of the engine. The tachometer, therefore, shows at sJI
times, quickIy and sudy, whether or not the engine is viorking properly. The importance of
knowiqg this is appsmnt, since an airplane depends on its engine, not oral-j-for propulsion but
also for actual support or maintenance of Ievel.

Tachometers are also used in adjust~~ the engine to its speed of greatest diciency, and
in performance tests.

Experienced aviators occasiomdly dispense with the tachometer es -well as other instru-
ments. To take the air, howev=, without first consulting the tachometer is to neglect a simple
precaution and is foolhardy. In times of emergency the tachometer maybe a great help, and,
if working properly, is more reliable in all cases than the senses.

,
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GEN12WLINVESTIGATIONOF AIRPLANETACHOMETERS.

~pparatua was designed for inveatigathg and testing tachometers under airplano con-
ditions, such as vibration, change of temperature, and reduced air pressure. lletailed descrip-
tions of apparatus and test methods are given in a later section of this report.

Type tests -weremade on six types of tachometers with the following results:
1. Chronometric tachometers, which measure speed by recording tlm amount of motion

in a fixed-time interval showed exceedingly small errors throughout but had relatively low
durability.

2. Centrifugal, in which the amount of deformation of a spring by centrifugal forco indi-
cates the speed, were not at alI affected by reduced air pressure and not seriously by change
of temperature. The calibration error and the lag were rather largo and increased with con-
tinued running. Complete breakdotis, however, rarely occurred.

3. Air viscosity tachometers, which act by the viscosity of a thin air film between two
concentric cylinders, were not much affected by reduced air pressure, but tho tcmpernturc
error was high. Heat caused an increase, cold a decrease in the reading. The calibration
and lag errors were moderate.

4. Air pump tachometers, in which the-speed is indicated by the pressure gcneruted by
an air pump operated at a speed proportional to the driving speed, wcro very seriously Mcctcd
by reduced air pressure. The effect was’nearly linear and about 20 per cent at um+htilf titmos-
phere (20,000 feet).

5. Tho magnetic tachometers, dep.ending on the electromagnetic induction lmtwcrn a
revolving magnet and a conducting dmm or disk; were unaffected by reduced air prmsurc.
They. were, however, inaccurate in calibration, strongly affected by change in temperature
and inconsistent with running.

6. The electric tachometers, consisting of a m.~neto used with a voltmehw grmhmtcd in
revolutions per minute, had fair accuracy, but showed irregular fluctuations and a rather lingo
tomperaturOeffect, besides being rather heavy.

Acceptance tests were made on about 300 instruments of tho chrcmomctric nnd cm]trif-
ugal types, adoped by the ,Army and ~av-y, and ttiken from quantity production. Jis in [ho
type tssts, the chronometrios were found much superior in numerical errors, lm~ inferior in
endurance.

An experimented and theoretical investigation wus mado to itnprmw the ccmtrifugnl typo
which, in ~iew of ite simplicity and freedom from breakdowns, seemed especially suitable for
military use. A study was made aieo of master tachometers, of both old and new types, for
accurate quantity testing and of special apparatus for rapidly calibrating the same.

TYPESOF AIRPLANETACHOMETERS.

Airplane tachometers are the same in principle and construction as automobile speedom-
eters; for the speedometer of a.n automobile, being connected to the forward tixle of tho mfi-
c.hine, records primarily the speed of revolution of this axlo tind so is rerdly a tachomotcr.
However, because of the more severe conditions and require~nents, there nrc fewer sutkfactory
types of airplane tachornetem than of automobile speedmmters.

Tachometers and speedomekrs me based on simple and well-known principlm. l’olIowing
is a classification of the various types of tachometers together with-a brief statement of the
principle on which each depends. Afterwards detailed descriptions of individual makes are
given.

07wonomeh-icor escapement taAometers.-The speed is measured by the motion of n gem
(or toothed rack) in equal intervak of the during which it is connected with the main drive.
Sin’ce the time intervals are equal, baing regulated by an escapement mechanism, ”th~ motion
of the gear during each interval is proportional to and, therefore, measures the average .spccd-
during the interval, The motion of the gear is shown by a pointer moving over a dial gradu-
atad in equivalent speeds of revolution.
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The pointer in instruments of this type is locked in position most of the time, changes in
speed being indicated by sudden jumps at the ends of the equal time periods. This and tlw
beating of the escapement mechanism, used to regulate the length of the tinm periodsj arc the
distinguishing marks of this type of tachometer. Figurw I to 5 show tho cmterims of a fmv
chronometric tachometers. Several instruments of this type are described in detail in the
section entitled ‘( Chronometric Tachometers.”

Centrifugal tachometers.centrifugal force or t~e tendency of R body to. fly WAWyfrom the
axis of rotation, which depends on the speed of rotation, acts against the elastic force of a spring,
The amount of deformation of the spring determines the.motion of the pointer and thus indi-
cates thd speed. The deflection, m distinguished from that of the chronomet ric instrummls,
is continuous, but in existing types, is not proportional to the speed. In liquid ccntrifugrd
tachometers the centrifugal pressure is balanced against hydrostatic prewure. Descriptions
of a number of centrifugal tachometers are given in detail below in the sectiou cntit.led “&
scriptions of Centrifugal Tachometers. ”

Air drag or.ticosity tachorn&rs.-A cylinder geared to the main d.rk exerts a turning force
on another cylinder concentric with the first through the viscosity of tho thin -air film betwcvn
them. This force acts against a control spring deflecting the pointer by an amount dcpwding
on the speed. The deflection, like that of the centrifugrds, is contiriuous, but not proportional
to the speed. The Waltlmm type of air viscosity tachometer is described near the end of this
part under the title “Air Drag or Viscosity Tachometers.”

Air-pump or air-leak tachometer8.—A pump, cotiected to the main driYc, forces air intv n
chamber with a letik orifice. The pressure thus generated deflects a vane controlled by a spring.
The deflection is read off on Rscale graduated in corresponding speeds of revolution. A det.aiIcd
description of the Van Sicklen speedometer is given later in this part under the titlo “Air-I%mp
or Air-Leak Tachometers.”

Magneto or electric tachometer .—The electrckxnotiveforce or voltuge of a magneta depends
on the speed of revolution of the armature. Hence, a magneto used with wproperly griaduatcd
mini-volt meter will show speeds of rotation. The Tetco electric tachometer is described in
the section entitled “Magneto or Electric Tachometers, ” near the end of this pmt.

_Uagnet~ctac?wmeter8.-A” permanent magnet is revolved near an electrically conducting
disk or drum mounted on the same spindle with the pointer and controlled by a spring. In
virtue of the electric currents induced in the disk or,drum a turning force is exertid on it which
deflects it by an amount dependent on the speed. The deflection is read as uswd on n scale
suitably graduated in speeds of revolution. Two instruments of this type arc described in
detail near the end of this part under the title “Magnetic Tachometers.”

Mercw=yticosity tachneters.-The viscous drag of mercury rotating in a steel cylinder
tends ta carry with it a concentrically mounted steel disk and pointer. Tho force is bukmccd
by means of one or more control springs. The deflection of thg pointeris read on a scalo sui~ .
ably graduated in speeds .of revolution, A description of the Atmo type of mercury viscosity
tachometer ‘is given later in this part under the titl~ “Mercury Viscosity Tachometers. ”

Liquid centrifugal tudwm4ter8.—A paddle wheel is rotated in a liquid forcing i~ by means
of centrifugal force thro~mh a valve into a system af vertical glass tubes. The height of Llw
liquid column indicates the speed of revolution. A description of the 17eeder type of liquid
centrifugal tachometer nlay be found mder “Liquid Centrifugal Tachometers” at tho cnd of
this part.

AMERICANMILITARYAIRPLANETACHOMETERS,

These are of the chronometric and centrifugal types. - The magnetic type, used ta a
certain extent before the war, has been abandoned for the present.

These instruments, of whatever type or mnke, arc required to be driven dircwtly without,
adapter from the cam shaft of the airplane motor, They indicate, however, as stutwl above,
the speed of the crank shaft or double the cam shaft speed. As a rule, t.hereforcl American
military airplane tachomete~, if driven nt n given speed, will indicate t.wim thut speed.

.
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Nevertheless, in certain cases, this requirement has been waived and the use of a gear box -
on the end of the cam shaft, between the cam shaft and the flexible driva, allowed. This
arrangement gives greater steadiness, but the adapter is an added complication and undesirable.

The bezels and flexible shaft connections are fm” the most part standard, independent of
type or make, so that instruments are interchangeable. The dials are graduated from O, 300,
400, or 500 to 2,400, 2,500, or 2,600 revolutions per minute in intervals of 20 or 50 revolutions
per minute. The figures on the dial denote hundreds of revolutions per minute. Tho O,5, 10,
15, and 20, as well as the tip of the pointer, are made luminous and the dial plate blackened
for night reading.

In the followhg degcript.ions of individual makes those used on American airplanea are ‘
treated first and iri fieatest detail.

VAN SIOKLENOHRON~ETEIC TACHOMETER.
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CHRONOMETRICTACHOMETERS.

Van 5’tikZen.-This instrument, “ Type C“ of the American military airplane tachometers,
is a simplification and, in some respects, an improvement over the Jaeger chronometric tacl~-
ometer described below. The complete instrument has already bceu shown in figure 2,
Figures 6 to S show the case and mechanism. TIM gear referred to above, which is connected
with the engine for equal intervals of time and the_motion of which rne~ures the speed “of tha
e%ine, is the gear (C) called the counter gear. (K) is the escapement which regulates th~
length of time intervals.

The mechanism may bti divided into the (1) tilve, (2) =capement-cam, (3) counting, uml
(4) indicating systems (figs. 9 to 12). The drive system drives the counting and escapemenkcam
system. The escapement+mm system controls the operation of the taunting and indicating
systems. The motion of the counter gear is registered on the dial by the,indicating system.



.

POWER PLANT INSTRUMENTS. 6?3

The drive system, tlgures 7,8, and 9, begins with the main dri~e gear (A). It is composed
of the gears (h?, (L), (2@, and (0). Its imnkdiate pu@ose is to drive the spindIe (Z) to which .
(0) is fixed and from which the counting and escapement-ca.m systems receive their motive
power.

The gears (1.J)and (M) form a reversing mechanism which automatically provides for a
m,tation of (2) in the same direction regardkss of the direction of drive. This is necesssxy be-
cause the counting and escapement-cam systems operate in one direction onIy. The method-
of revemi.ngis as foIlows: Gears (IL)and ~ are mounted on a rocker arm pinned in the center
in such a way that when gear” (A), and consequently (N), rotates in one direction clockw@e as

. seen in @ure 8, L) meshes with (0) and (M) idIes without meshing with (0]. When, however,
(A) rotates in t.lMopposite direction, (M) meshes with (0) and m) reedy drivw (M) idly.
(0) and (Z) rotate in the same direction in either case.

The &capemenkcam system, figures 7, 8, and 10, is composed of the cams (J), (J’), and
(.J”), the toothed barrel (B) to which the cams me fixed, the gears (R), (S), and (T), the fly
(E), and the double-rdler escapement (K).

(B) recei~es from (Z), as described below, the motive power for the system. (R), (S), (T),
and (E) transmit this po-iver to the escapement which is driven thereby and allows the entire
system, including the cams, to move suddenly at regular intervals. The operations of the
counting and indicating systems, -which are controlled directly by the mms, thus occur in a
detite time order.

The releasing is done through (E], which engages a star pinion (~) on the same pivot
with the esc%pe wheel. (E) has two arms and rotates through 180° at each rdease. The
force of impact of the fly is lws~ed by the inertia wheel (X), which grips by friction the pivot
to “which (E) is attached.

The motion of the system b&g fixed, and that of (Z) vuriabIe, a slip drive must be used.
This is in the form of a sprirg, cakd the mahspringl coiIed up tightly inside of (B). The
imer end of the spring is fastened to (Z). (B), on the other hand, idk on (Z) ~d also has
no rigid connection with the spring. Consequently, as (Z) revokes, the spring slips around
in (B). It exerts, hovre~er, on (B), through the friction caused by its tendency to n.ncoil, a
turning force which drives the system. This force acts insh-dy when the in@mment is startsd
amdcent.kucs at aU driv@ speeds. The counting system, flgurEs 7, & and 11, consists of the .
gear (Q), the fine toothed pinion (F) fixed to (Q], and the counter gear (C). The system is
driven by the gear (P) fied to (Z} and meshing with (Q). 0?) and (Q) are mounted on a
rocker arm (G], which the cam (J) causes to osciUate &bout a pi~ot (W) towmd ~d away from -
(C.!. (F) is thus throwm alternataIy into and out of mwh with (C). (Q), however, remains in
mesh with (P). The effect is, therefore, tO put (C) successively into and out of connection
with (Q) and henc~ with the main drive (A).

This occurs at regular intervals, in fact every second, since (J) is equally spaced and moves,
as pointed out above, at regular intervals. The a@e, through which (C) is rotated durihg each
second is, therefore, proportional to the speed during the second. (C) is provided with a control
spring (c) and a project.imgstud (a) on its upper artd under side respectively. It is locked
and released by the taothed pad (r) operated by the cm (J(’).

The indicating system (@. 7, 8, and 12) is formed by the so-called pointer gear (D),
similar ta and below (C), the pointer spindIe (H), to which (D) is tl.xi+ibut on which (C) idles,
the floating arms ~ and (g) pivoted on (H) between (C) and ~), and the pointer (h.). Lock~
and releasing of (D) is accomplished by a toothed pawd (s) sindar tu and directIy below (r)
and operated by the cam (J). Ihlike (C), (D) has ratchet instead of V teeth and can move
forward while in contact with (s). It is provided with a control spring (d) similar to (c) and a
projecting stud (b) on its upper side.

(~), (n, (a), (g), ~d a fixed stop’(m) on (G) are arranged so es to engage each other in”
the order named. The engaging of (a), (g), and (m) stops (0) in a certain position. The
q%@g of 0), (N, ~d (a) holds (Cl and (D) fixed with reference to each other.
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The use of the floating arms ~ and (g), instead of direct contact of (a), (b), and (m),
enables nearly two complete revolutions of (D), thus making a full circumference dial possible
and insuring against injury in case of overspending. --

* the instrument is idle, the cmtrol springs (G)~d (d cause 0), (f’), (a), @), ~d (~)
to engage in the above mannv. (C) and (D) thus ~ume definite zero positions.

k the operation of the instrument (C) and (D) are rotated away from (m) agahist tho
force of their control springs by (F) which drives (C) and hence (D) through the angaging of (a),
(fl, md (b). They are rotated baok toward (m) by their control springs. By means of (r)
(C) may be held when out of mesh with (F). Similarly (s) serves to hold (D) indopendcntly
of (C). (C) turns back and forth continuously, returning to its zero position at regular inter-
vals. (D), however, turns only when a change in speed occurs, forward for an increase, back-
ward for &decrease.

If (D) is not in the zero.position with reference to (C), that is, the position in which (a) and
(6) are in contact with ~), it wiU always move back into that position, when free to do so, by
the action of its control spring. The angular deflection of (D) and (h) from their zero positions
is then equal to that of (C), which, m seen, is proportion@ to the speed. Accordingly, so low
as the period of the escapement does not vary, the scale of this instrument is uniform.

The cycle of operations is determined by the cams (J), (J’), and (J”). At the s~ar~(0 is
in its zero position and UnIocked. (D) and (h) are locked in the position which they assumed in
the preceding cycle. (I’) meshes With (C) for one saond, tting it through a cert~n angle.
According as the speed is (1) the same as (!2) greater than or (3) less than in the last cycle,
(C) (1) just reaches (D) or (21 angages (D) and pushes it forward or (3) stops short of (D).
In any case (r) locks (C)in its extreme position, (s) then releases ~), allowing it in caso (3) to
assume the zero position relative to (C). Next (C) is again released and returns to its zmo
position. The cycle then repeats itself.

The pointar (h) foI.lows the motions of (D). It ~ locked at a reading equal to tho speed
during a given second of mesh of (F) with (C) fromLthe end of that second to the end of the
next, It then moves forward or backward suddenly by an amount equal to the change in speed.
This instrument, like others of the chronometric type, therefore, deflects intermithmtly, indi-
cating the average speed over an interval of time rather thm the speed at each instant.

. The scale is closed and graduated from O to 2,500 revolutions per minute in intervals of
20 revohtions per minute. The instrument is driven directiy from the cam shaft without
adapter.

Compared with foreign chronometics, the Van Sicklen has only one counter gear, the
reversing mechanism is simpler and the escapement of considerably smaller size. The first is
a simplification, but necessitates the instrument remaining idle for part of the time. Worth
mentioning is the method of fastening the pointer which is driven onto a square boss and held
by a spring washer to prevent slippage from the sudden jumping of the pointer in tachometers
of the=chronometric type.

TeZ.—This instrument,used by the Americam military forces and known as ‘{Typo A,” is
shown in figure 5. It is a copy of the French instrument shown in figure 4. Figures 13 to 16
show the mmhanism.- It contains drive, escapement, counting and indicating systems which
perform the same functions as in the Van Sicklen. However, the counting member is a toothed
rack instead of a gear. Also, the driving andlocking devices are not brought into connection
with the counter, but the counter with them by a mo~ion at right angles to its counting motion.

The chive system, figure 17, consists of the main drive gear (A), fastened to the arbor (S) ,
and mding with a pinion on t,hedrive spindle of the instrument, the gear (.N),alsoattached
to (S), and the gears (L), @f), (OJ and (P). Its function is to turn the spindle (Z), figures 18
and 19, to which 0?) is fixed and from which the counting and escapement systems are driven.

(Z) must revolve in the same direction independent of the direction, of clrhe. This is ac-
complished by means of a reversing mechanism fogned by the gears (N), (L), (M), and (0).
(L) and (lo are mounted on a rocker (T), idling on (S), and are in permanent mash with (N).
(0) is pivoted on a stud fastened to the frame and is in mah with (1?). According as (A)
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rotates cbckwise or counterclockwise, the friction between (S) and (T), which is incre~ed by
the sIip spring (D), rot.at~(T) slightiy. one way or the other and causes (L) to mesh with (P),
~f), ~d (0) i- or (X) with (0), (L) idling. The direction of rotation of (1?) is the same
in either c=e. The screw head (II), playing in the slot (G), serves as a stop for (T).

‘l%e escapement system (fig. 1S) is composed of the toothed barrel (B), the shaft (J), and
the doubla-rolIer escapement (K). (J) has fastened to it at one end the gear (R) mding with
(B), at the other end the escape wheel ~. The motive power for the system, which is ap-
plied, se in the Van SickIen, by meam of a slip spring, called the main sp~a, fastened to (Z)
and cohd up inside of (B), is transmitted through (P) and lJ) to (K] ~which reJeasesit and
allows the system, inchding (J)~ to move suddenly at regulsr intervals. The time for one
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swing of the bahnce wheel is one-quarter second and 12 swings are required for a complete
revolution of (U). ?J) thus mak=- a complete revolution in ~~ee s~nds in sfOPs of one-
tdfth of a revolution every quarter second.

The wmpement, as seen, is very heavy. To faciliate start@, it is fitted with an aux-
ilisry device which stops it shortly after the instrument is stopped, thus preventing the mfi-
spring from unwin&ng completely, and also stops it off center with tension in the escapement
spring The _mement is such that, when the pointer returns to its zero position, a pin (a)

fak automaticitly, enga.@g a stud (0 on the rim of the b~~ce wheel ~d st~~ the =ap~
ment. The movement of (a] is accomplished through a pin (c) which drops into, a slot in the
upper end of the mbor (d) connected to the pointer staff (E) tiou.gh the gem (e) ~d (s).
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Tho counting system, figure 19, is made up of the fine-toothed pinion (F), comwctcd with
(Z) through the gear train W-X-V-Q), the toothed racks (C), and t.ho cylindrical pawl (jl.
The racks, in the form of three identical cylindrical area of 1200 each, envelop tlm shaft (J)
along which they are free to slide in grooves. Their zero position is against (R), which position
they tend to assume by the action of the helical control springs (h) lying in grooves and fas-
tened respectively to (J) and to the racks. (F) and (f) are held in contact with tho rarks by
the springg (k) and (m) attached to the rockers (q) and (g) in which they am mounted.

As (J) rotates, clockwise viewed from the cscapem~nt end, each rack is sucm=ivo~y (1) ~n-
gaged by (F) and carried, by its rotation, along (J)-from .(R) toward (U) against Lhoforce of
its control spring; (2) cpught and held by (f) in the position jn which it is left by (F); (3) dis-
engaged from (j) and drawn back to the zero position by its control spring.

TELCHROKOxETRICT~OllETER.
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Since the distances between the points of contact of (F) nnd (j’) and the width of the racks
me each 120°, the above operationsf~llow each other without inte&uption or o-mrlapping, have
each one second, a third of the period of revolution of (J), allotted to ~heznand am performed
by the racks with a successive phase difference of one second. Consequently onc of the thrm
racks is engaged in each of the thre~ operations at every instant tind the instrument is never
idle.

Now (F), being geared directly to (Z), and hence to the main drive (A), rotates at a speed
proportional to the driving speed: Also, as seen, the period of mesh of the racks with 0?) is
constant and equal to one second. Therefore, the d~tances the racks are moved along (J) are
proportional, so long as the escapement is unaltered, to the speed during successive seconds.
Thus, the rack which is held by ~ during each second is at a distance from the zero position
of the racks proportional b the speed during the preceding second.

4



POWEB PLAITl IKSTEUMEIYTS. 677

The indicating system, figure ZO,is formed by a collar (n) encircling (J) loosely, a toothed
rack (r), which slides orI a rod (p) and to which (n) is att.ached,and a gear (s) fixed ta the pointer
stafl and reed@ with (r). The racks, as they travel ‘akmg (J), engage (n) fmd thus move (7’),
(s), (II) and the pointer. A control spring (t) opposes the motion taking up the backlash be-
tween (r) and (s} and keeping (n) in~cuntact with the racks.

(n) rests, in its zero position, against fl three racks in their zero position and, d&ng each
second, as the instrument operates ag@st the rack held by (fl in that second. The displace-
ment of (n) and (r) from their zero position is, therefore, the same as that,of the rack and hence
proportional to the speed during the preceding second. (r) and (s), however, constitute a
simple rack and pinion, so that the anggar displacement of (s) and of the pointer from their
zero positions is proportional to the linear displacement OF(r) and thus proportional to the
speed. This instrument, therefore, has a uniform scale.

It does not, however, show the speed at each instant, but the average speed for periods of
one second. It indicates throughout a given second the average speed during the preceding
second. Then at, or very near, the end of the second the reading changes suddedy to-the
value for that second. This read@ is maintained for the pext second and so forth.

Changes in reading take place at the &ls of the second periods because it is then that (n)
shifts from one rack to another. If an alteration in speed occurs,Uhe succeeding rack either
(.1) stops short of the preceding rack, which is in m=h tifi ~ ~d %~t =hiti (n) is w~g
(decreasing speed), so that, when the latter is re”“:ased, (n) is drati backmard by (t) into con-
tact with the former i or (2) engages (n) a Iittle before the close of the second (increasing speed),
lifts it off the end of the preceding rack and pushes it forward suddedyj holding it on caning
to rest. In both cases the change in reading is abrupt and occurs practicality at the end of the
second period. H the speed is constant, ~ach succeeding rack stops just abreast of the
preceding one and no ch~~e in the position of (n] or the pointer occurs.

A loose pin-and-hole connection (y) (&re 20) inserted between (H} and the pointer
serves to remove fluctuations of the lat&r due to imperfect mesh of tie-racks’ with (F) and ~
at the e~ense, however, of accuracy and sensitivity. The spring (y) beerirg in the threaded
rim of the disk (j? acts as a damper for this arrangement and, by the dropping of if.acurved end
into a slot in the disk, as a zero lock fop the poinkr. The threads prevent this action at full
scale defection.

The maximum possible lag in this tachometer, bet{een a chrmge in speed and its indica-
tion on the dial, is seen to be one second.

The dkd is “graduated in identical manner with that of the Van SickIen and the instrument
ako runs without adapter.

Jaeger.—This instrument has already been shown in figure 1, and in flgges 21 to 23 are
,perspecti~e, top, and side views of the mechanism.

The Jaeger, widely used on”French airplanes, is an intricate and beautifully made chron-
ometric of the gear type, to which the Van S~cklenis closely related. Unlike the Iatter, however,
it has two counting gears (C) and (C’) and thus operates cent.inuoudy. The mechanism con-
forms to the usual chronometric type. The drive is through a crown wheel (A) engaged by a
pinion bearing in the case of the instrument. From (A) through a reversing mechanism, con-
siderably more complicated and delicate than that of the Van Sicklen or TEL, the rotation is
transmitted to the spindle (Z) and to the fine-toothed pinions (F) and (F’) which are thrown
into and out of mesh respectively with (C] and (C’) at regular intervals. From (2) the escape-
ment (K) and the cams (J_)are driven through the usual spring and barrel (S.) The pointer gear
(D) is midway between (C) “and (C’) and these gears have copespon~u to them the three Iock-
ing arms W). Between (D) and the pointer staff is a loose pin and hole connection similar to
that in the TEIJ and serving the same puipose. .

The method of meshing and unmeshing (F) and (F’) with (C) and (C’) is somewhat different.
from that empIoyed in the Van SickIen. ~amely, the spindles to which (F) and (1?’) are fas-
tened bear at their upper ends only in the oscillating rocker (G). The lower ends have fixed
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bearings in the frame of the instrument, about which as centers the spindles and gems swing,
due to the motion of (G). Thus (F) and @~are throvtn into and out of mesh with (C) and (C!’).
The driving pinions are fastened to the spin&s cIose to their lower ends where the swingimg
motion is small, whereas (F) and (F’) are attached near the upper ends and so have considerable.
motion.

The escapement is about m heavy M in an ordinary ahrm clock aud of the doub~~roller
type. The balance wheel bearings are je”weIed. The escape wheel spindb hqs a light spring
bearing against it to prevent rotation backward during the interred between rdease of one fly
arm and contract with the other arm, which would cause irreguhrii% in the counting periods.

The control springs h this instrument are helicaI or flat plate springs and act indirectly
through toothed sectors and pinions on their respective spindIes. The cmmter gear sectors
have sIender fiat springs lying in slots in their faces. These are provided at their free ends with
teeth which project beyond the sector taeth at the point of mesh with the pinion on the,counter-
gear s@ndIe when the instrument is at rest. By the action of the springg these teeth mesh
tightIy with the pigions mid thus ehmi.nate backlash which, owing to the resulting uncertainty
in the zero position of the counter gear, may cause a considerable error in reading of the
instrument.

&over-&zng.-The counting ekmentiin this tachometer is a radial arm which is lowered at
regular inkrvals into mesh with a rotating crown whd geared to the main drive spindle. h
audliary arm, interposed between the counter and the pointer system, is arranged to drop back
into contact with the counter shortly before the end of the counjing period It is then carried
forward by the counter during the remaining motion of the latter and is held in the extreme
position of the counter by ratchet action. The pointer system is then reIeased and assumes the
position of the auxiliary arm. The counter itsdf is not locked at alI. The escapement is of
alarm-clock size and unjewekd.

The instrument has been arranged for use vziti an air drive consisting of a diaphragm
oparated by an eccentric tied to the rotating shaft. This diaphragm gh-w puffs of air with a
frequency equal to that of the rotation which, being transmitted to the instrument through a
tube, operates a ratchet engaging the main drive gem of the mechanism.

This form of drive is free from many defects of the flexible cable, but is intermittent in its
action, and as yet has been adapted to ohronometric tachometers only.

Hud.m.—This instrument, shown in @e 3, is a hand chronometric suitable for teds on
airplane motors and other tachometers.

The escapement functions only when one of the two push buttons seen projecting from the
edge of the case is pressed and released. Furthermore, it marks off but one period, three seconds
in Iength, during which the counter is connected with the main drive and the pointar carried
through a certain angle proportiomd, as usual, to the speed. The pointer is locked automatically
in its final position and the speed is read off. Resetting of the potiter is accomplished by means
of the other push button. Ten revolutions of the pointer, giwing a totaI range of 10,000 revolu-
tions per minute, are provided for.

Bru7m.-This instrument, shown in &u.res 24 b 27, is a German chronometric of the gear
type. It is very simikr in design to the French Jaeger and the herican Van Sk&n.

Like the Van Sic&n, it has only one counting gear; the counting period, however, is
ona-hdf second, thus givbg a resetting of the pointer at the end of each second. The drive is
through a bevel gear meding with the gears (A), @.res 25 and 26, which are arranged in
such a way as to idle when driven in one direction and drive through to the getw fixed to the
spring barrel (B) when driven in the opposite direction. The barreI @) ~ always driven in
the same direotion for either rotation of the drive gear.

The drive continues from (B) through a coikd dip spring to the staff (S), escapement (K),
and back to the cams (J), which control the m~hing of the count.iqg pinion @) with the counting
gear (C?),md also the operati~n of the holding pawls (P) for the counting gear (C), and (M) for
the pointer gear (C!’). There are three pawls (P) and two (lK), the paw-k (1?) being spaced one-

.———

-

—

.- .

.--T

- -.

..._

.-
—

-—

-u

..—

.-

—.
._—

.-—

.
.——.

-—

--m
—



680 REPORT NATIONAL ADVISORY COMMITTEE I?ORAERONAUTICS.

third of a tooth out of phase with each other and the pawls (M) one-half of a tooth out of phase.
The escapement (K) is of the double-roller type, unjewel@, and much more rugged than that
of either the Van Sicklen or the Jaeger.

A noteworthy feature is the addibion of the two odometers (L) and (0). (L) is driven
through a train of gems from the staff on which the cams (J) are fixed and shows tlm number
of hours which the instrument, and therefore the engge, has run. (0] is connected to the drive
gear, and its readings, multiplied by 100, give the tottd number of revolutions which the crank
shaft of the ergtie has made. ,

BRUHN CHRONOMETRIC ‘TACHOMETER.
—... ---
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ma.24.

a .

FI&2&

#

1:[0.n.

L d o

B

Fm.27.

CENTRIFUGALTACHOMETERS.

TYFESOF CENTRIFUGAL.TACHOMETERS.

The most common typw of centrifugal “tachometeti are tha so-called governor and oblique-
weight types.

—

The governor ~ype is thus ~amed because of the resembhmce of the rotating part to an
ordinary engine governor. It conais@, namely, of a shaft (A), (fig. 23), witll a set of weights
(13)grouped about it which, as the shaft rotatw, act by cenhifugal force on a con~~l spring (~).
The shaft (A) is hardened and polished, and is mounted vertically and centrally in ball bearings
either in the case of the instrument itself or in a separate frame. The weights (B) are attachl
by links above to a spider (C) tied to the shaft and below to a grooved collar (D), frco to slido
along the shaft. The spring E, which is,helical, encircles the shaft between (C) and (D).

.

.
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When the system rotates, the weights @) pti outward ,on the Iinks. (D) is thus drawn
up the shaft and (E) is compm.sed. UItimateIy, for a flied speed, the weights and (D) assume
a detlnite position in which the cemtxifugrdforce is just counterbahnced-by the elastic force
of the spring. The motion of (D], which is smaU (+ to ~ inch), is magnified and changed into
a pointer motion by the indicating train, consisting qf the pm @’) bearing on (D), the toothed
sector (G), and the pinion (En. The spring (J) on the pointer stall keeps (1?) in contact with
(D) and also takes up the backlash between the sector and pinion.

In the oblique-weight type, shown diegraromatically in @ure 29, the rctat~~ elemen$
consists of a weight or frame (B) encircling the main shaft (A) and”free ta rotate about a spindle
(C) tied perpendicularly to (A). Ig the position of rest @) is oblique to
(A), but when rotating tends to rotate about (C) into a pcsition per-
pendicular to (A). This motion is opposed by a control spring (E), so
that at each speed a detite position is reached in which the centrifugal
cauple exerted by (B) is just balanced by the restoring torque of (E).
Thus the motion of (B), imparted to the -pointer through a suitable
indicating train, such as shown in figure 30, gives an indication of the
speed. The double oblique-weight type has two crossed w&hts pivotad
on the same axis and placed symmetrically about the Shaftl

Other forms of centrifuged tachometers not belongi@ to the above
types will be pointed out in the-discussion of individual makes, together Fl&zs.-clmancztrlu.
with various modifications of the control spring and indicating trah

Centrif”al tachometers used on &nerican airphums are all of the governor type, but the
governor weights dHer in size. This necessitates a tierence in the running speed, since the
control springs and intiating trains are”practically alike. The light governors, the~ore,
must run at higher speed than the heavy ones to give the same deflection. In all cases, however,
the speed of the governor is equal to or greater than the indicated or crank shaft speed; that is,
equal to or greater than twice the driwing or cam shaft speed. Consequently gem giving CII
increase in speed of one to two or more are necessary. The speed of the governor reIative to
the indicated speed and the location of the gears; whether within the instrument or in a special
adapter on the end of the cam shaft, are pointed out in each case below.

The oblique-weight type, though extensively used abroad, ~pecialIy in En@and end Ger-
many, has not yet been adopted in America for use on airplanes.

Joiins-Manvi71e.-This instrument, shown in figure 30, is “Type
B” of the &aerican military airpkne tachometers. It is of the
heavyweight slow-speed type, the governor running at indicated .or
crank shaft speed. The speed ratio between the cam shaft and the
governor is, therefore, one to two. The”geara for accomp- the
r-hinge in speed are in a separata ad~pter on the end of the cam.
shaft, since it was &ought, from experiments on sample instruments, -
that ho great unsteadiness wouId result if they were placed in the
instrument itseIf. Later, however, a model was designed w%% the
geara in the instrument, but tbia was not produced extensively.

EmX.-obliquewdghttyw. The go-rernor has three weights of special shape which touch
when at rest, forming a continuous girdle around the shaft. The

baU beariugs are contained in the case itself, the upper one being adjustable, the lower one
&ed. This is because the weight of the governor falls on the lower beming. ‘

The indicating train, seen at the Ieft in figure 30, is of the type shown in figure 28 and is
carried by a bridge spanning the front of the case. The contact piece which bears on the sliding
cokir is a pivoted shoe of hard fiber. This is believed to wear better than steel tmd to be Iese
apt to scratch i.he surface of the cohr. The arm carrying the fiber shoe ia adjustable on the
spindle on which it rotates, but is not adjustable in length. The pointer is driven on to the
tapered end ot the pointer staff, and so is also adjustable. Calibration is accomplished by
resettti and bent@ the shoe arm, adjusting the pointer, and deforming the control spring.
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The scale is graduated from 400 or 500 ta 2,500 or 2,600 revolutions per minute, respectively,
in intervals of 50 revolutions per minute and has an angular length of about 190°.

Jones “ Vi.ctometer.”—This instrument, shown in figure 31, is used almost exclusively by
the Navy. It has very light weights and the governor runs at twice indicated or four times
driving speed. The gears having this latter ratio _arecontained in the instrument itself as seen
in the figure.

The ball baaringe are set in a ringlike frame of which the bridge carrying tho indicating
train is an integral part and to which the dial plate and bezel are fastened. The case proper
ie a thin detachable metal cup which slips on oYer the back of the frame. This arrangement
makes the governor and indicating train very accessible and permits calibration with the dial
in place.

.
AMERICANCIIXTRIFUQALTACEOXETER.
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There are three weights. The spider to which the links are attached at &e top is adjustable,
being held by a set screw.

The indicating train is of the type shown in figure 28. The lever carrying the contact
pin is, however, adjustable in length. The contact pin is of steel. The pointer is driven into
a tapered staff, as in the Johns hlanville.

Rdimce.-This tachometer, used by the Navy, appeafi in figure 32, It also is of the lighk
weight high-speed type. The governor speed is about- one and a half times indicated speed
or three times cam-shaft speed. A special adapter is used on the cam shaft, there being no
gears in the instrument itself.

The indicating tiain is also of the type shown in figure 28.
The contact pin is of hardened steel, the sliding mllar being of brass. An adjustable

contact pin lever and an adjustable zero stop are provided for use in calibration.
The governor bearings, indicating train, and dial are mounted on a detachaldo frame, so

that the calibration may be done before inserting in the case with good access to the mechanism,
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This instrument has not been standardized. The shaft connection as made is provided
with a sliding element which a compression spring keeps in mesh with the flexible phaft. Thus
also. the end thrust in the flexible shaft, which may cause Unsteadinessj is taken up.

The dial is white and the acaIe, determined separately for ewh instrument, extends from
200 to 2,400 revolutions per minute in intermds of 50 revolutions per minute over an W@ of
about 225°.

The case and mechanism axe both of heavy construction.
%~ecler.-This instrument, shown in i@re ’33, is very similar to the Reliance. The

weight and speed of the governor are about the same as well as the means of mdibration.
The frame carrying the governor and indicating train is of rigid though light construction.
A unique feature of the indicating train is that it has two contact pins of hardened steel

which form the tines of a fork swiveIed on the end of the usual contact pin lever. These pins
bear on opposite sides of the sliding collar and we intended to eliminate fluctuations due to
lack of perpendicularity of the surface of the cdar to the shaft or roughness of the surface.

The instrument has not been standardized. The flexible shaft provided has a ball bearing
end and a wedge-shaped tip which facilitates meshq at high speed.

The scale is graduated similarly to that of the Reliauce and likewise is determined sepa-
rately for each instrument.

Jona apeedmneter.—This inst~ent, shown in &ure 34, is of the oblique weight type
with slid@ collar, the w~~ht being in the form of a ring. The connection between the governor
and the sIid@ collar is formed by a lug projecting from the upper end of the collar sleeve
and bearing on a hardened steel pin embedded in the obIique weight. There are two helical
control springs-one, a weak spring which is compressd by the colhw, the other, a strong
clip-like spring which is coiled up as the obIique ring deflects.

The indicating mechanism is unusmd in that it mntains a cam pIate, the proper shaping
of which gives a uniform scale.

Schu.@er and Budenberg.—F@re 35 shows the exterior of the instrument, which is of the
same type as the Jon& centrifugal speedometer described above. The motion of the weight
is transmitted to the collar thro~mh two parallel links pinned at their ends. _ A unique feature -
is that the contact pin bears agains$ the under ,surface of the skliug colhrr.

The instrument has three tive spindIes and is fitted with a gear box, so that full scale
deflection may be had for three different speeds, such as 200, 1,000, rmd 2,000 revolutions per
minute, by using the, proper spindle.

This type of instrument is suitable for tests on airplane motors.
. li’i%ktt.-’l?his is a British instrument, also of the oblique weight type, and is shown in

figure 36. The governor is in the form of a dumb-bell pivoted in a boxlike frame inserted in
the governor shaft. The control sp~u is a helical spring fixed to the frme at one end and
to the governor at the other.

The” indicating mechnism is unusually simple in that the lever carrying the contact pin
is fastened directly to the pointer staff. The pointer is pivoted hi the lower part of the dial
and the anguIar motion is ody about 90°. The scsle is graduated from 800 to 2,000 revolu-
tion per minute in intervals of 50 revolutions per minute.

Smith.-This instrument, the mechanism of which is shown in figure 37, is also a British
tachometer of the oblique weight type. The governor is a flat Iinl@ke casting. A hemi-
spherical casting, fied to the lower end of the shaft, supports the ends of the governor pin
and dso servea as a flywheel. There me two exactiy similar flat coiled control springs. The
connection between the oblique weight and the sliding collar is formed by a fork tied rigidly
t. the coIlar and bearing on a hardened pin, as in the Jones speedometer a@ve.

The indicating mechm.ism is of the ordinmy construction, shown in &g 28. The sde
is graduated from 600 to 2,000 revolutions per tint e in intervaIs of 20 revolutions”per minute
and has an angular length of about 300°.
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OZiver.—This tachometer, the mechanism of which is shown in figure 38, is of the obIique
weight type, but has certain pediar features.-

Uniformity of scale is obtained by me- of a cam plate in the governor., This cam is
attached to the oblique weight and deflects with the latter. Connection between the cam
and the indicating train is made by means of a rod ilicling in a boring in the shaft.. The mn-
tact point with the indicating train is in the center of the rod -wherethere is no motion ~d thus
ivear is avoided. The contact point with the earn is near the axis of rotation of the obIique
weight. This tends to minimize disturbances due to a reaction of the rod on the oblique weight.

The governor control consists of two pairs of helicaI tension springs; The points of attach-
ment of these springs are so placed that the lines of action of the springs pass through the
axis of rotation of the obiique weight “in ffie position of rest.. b the oblique weight deflects~
however, they get farther and farther away from this L-S. Thus a restoring torque increasing

.

ma. 39.-CUWS4 DL?chanisn.
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more rapidIy than the first power of deflection is,obtained, which, it is cIaimed, facilitates the
attainment of a uniform scaIe.

.-—

OHwus~y.-The Olhovs& tachometer shown in &res 39 and 40, is a Russian instrument
of the double oblique weight type with shding colhw. The weights are in the form of rectangu-
lar frames consisting of cylindrical rods with flat connect~m pieces &d are in rotational balance.
Each acts separately on the collar through a Iink. The control spring is helical and is Iocated
between the sliding collar and a ball-like shouIder on the shaft, being compressed asthe collar
moves upward.

.—

A kivo-tined steel fork with swid joint, SimiIar te that in the Hoffecker described above,
is used to connect the govsrnor and indicat@ mechanism.

A noteworthy feature of this instrument k that it is compensated for the efhwt ~f tiIting
with reference to the vertical and rdso for the effect of external shocks. This is ac4compIished .. .-

1
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by unbalancing the governor weights by an amount equal to one-half of the combined weight
of the collar and floating pin and by pivoting the rollers at a distance from tho centers of rota-
tion of the weights equal to that of their centers of gravity, Thus the movement oftlmweights
about their pivots, due either to gravity or sudden acceleration in any direction, is just counter-
balanced by that of the collar and pin.

The indicating mechanism is novel. A nut with a hardened steel point bw+rson thefloat
mentioned above. Longitudinal motion of this nut causes the threaded pointer spindle, which is

.
screwed into it, to rotate. A coiled
spring on the pointer staff serves as
a control spring for the governor as
well as to take up bncklash.

The instrument is very corn- “
pact, the whole mechanism being
contained in a cylindrical cam 2~
inches diameter by 2 inches high.

liorell “Phy7m. “-This instru-
ment, a single oblique ring typo of
German design,is shown in figure41.
It is of the usual link and sliding col-
lar construction. As in the Joues
s~eedomet.er there are two control

FIG. 4L-MoreU “ PhyIax~)

.
springs, one compressed by the collar and the other a clip-like spring between the governor. .
and the shaft.

The indicating train is unique in that it contains a spring which WV= to take up sudden
shocks or changes in speed. It is also provided with an air damp-
ing device consisting of a small vane geared up so as to make many
revolutions for one of the pointer pinion.

Oil tub= are provided running from a well in th6 top of .tha caso
to the shaft bearings and to the steeI pin which bears on the collar.

Jacgwt.—Thk tachometer, the exterior of which is shown in fignre
42, is a hand tachometer of the oblique weight type with a single coiled L._
control spring contained in a slot in the governor shaft. A small steel ---

~phmger sliding in a boring in the shaft is connected with the oblique
weight by a link passing through a slot in the side of the. shaft,. ~
Connection with the indicating train is through a ball-and-socket, p
joint in the end of the plunger. The indicating train is of the ordi- $
nary sector and pinion type. L-

‘l%e instrument has cndy a single spindIe, although it provides ‘+
for three rangw of speed. Change of gears is e.tlecfedby moving the :,
button seen in the neck of the instrument.

\
“YHorn.-Thk is a German double oblique weight type, The gov- :“-; . .

ernor is sirnihm to that of the OIhovsky and the indicating train “-” ““:=
the same as in the Jacquet. Likewise it is a sin& spindle hand ‘-”– ‘:T!?. !
instrument.

IStundard.-In this tachometer two weights, sliding on pins tied Fio.4zAwqM.

at right angles to the shaft, fly out when the system is rotated. Their sides each bear agahst
pins on pivoted sectors which mesh with a circular sleeve rack s]iding on tlm oovmnm .dlsft.
As the weights move outward the sectors are rotated and the sleeve raised.
to the pointer staff aIso meshes with the lower part of this circular rack, the mofion of %hich “
is thus communicated to the pointer.

The governor control is by means of two helicaI springs, which are put in tension by the
rotation of the sector about its pivot.

- ------ ------- -.
‘-A=ninion ~earcd
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Lor&g.-The Lcring instrument is a ‘modiilytion of ~e double obIique weight type. The
governor consists of two light weights pi-roted outside the shaft in a relatively heavy cssting.
Rollers on the inner ends of these weights run in sIots in the d.iding collar, so that as the weights
turn the collar is moved. A steel pin driven into the colhw slides in the shaft, which is hollow
and slotted. On tlis pin rests a floating hardened steel pin which is raised or lowered with the
Couar. ‘

&Iibration is accomplished by moving the upper coIIar, adjusting the length of the contact
pin arm and bend@ the control spring.

The scale is maduated uniformly from
500 to 2,500 rev~lutions per minut~ in in-
tervals of 20 revolutions per &ute and ,ex-

L

~
tends over a complete circumference.

The instrument vmighs ody 14 ouhces ~
complete.

ME DRAGOR l~COSITY TACHOMETERS. ~

Walham. —The Waltham tachometer
shown in figure 43 is of the air viscosity type
d=cribed in principIe above. There are two Ill!
concentric cylinders, geared to the.. main, ~“ . m. &.—walti * vssccsi~aclwllew.
drive, of which the outer one only is ahovm
in the right-hand view. Between them, and separated from them by a t~ air h, is plaeed
the inverted cuphke cyIinder, mounted in jeweled bearings, to which the pointer is fixed.

The dial is mmduated to show speeds from 400 tO 2,200 re~olutio~ Per *utel We defleC-

J

FIQ. i4.-Van EIcklen ah pump speedometer.

-. .—

—.

tion of the pointer for this speed rmge being
about 240 degre%. “.

AIR PUMPOR AIR LEAKTACHOMETERS.

Fan ~icklert *pedomdt+i-This instru-
ment, shovm in *e 44, is typicsd of the
air pump or air leak tachchnetermeehanism.
The lower righ~hand vieg shoy the ~entri-
fugal air pump and the ad.n+mcmpo~; the
Iower left-hand view .th& ihsdmrge wifice
and air chamber.. Speciql”attention $!cdled
to the vmiabIe width grrve thr@~%hich
the air leaks beneath We Tariajvi%&h is
shown with the indicating drug in the
upper righhhand. mew. ..The width of this
ofice is made such that a deflection of the ..,
wme is obtained proportional to the driving
speed. The upper Ief&hand view shows the

,

assembled mechanism.

MAGNETOOR ELECTRICTACHOMETERS.

Tefw.-llligure 45 shows the Tetco eIectric tachometer. The magneto is of the ordinary
bi-poIar construction with a single permanent horseshoe magnet. The indicator consists of
a suitable r~~e millivolhmeter calibrated to read speeds from O to 2,000 revolutions per
minute in rntarvals of 20 revolutions per~minute.

.-
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MAGNETIC TACHOMETERS.

W’arner.-Figure 46 sho~ a cartridge type of magnetic instrumnt. The permanent
magnet, running in ball bearings, is in the form of .~split ring. The drum, in which currents
are induced, ii held a definite distance from the top of the magnet. The leakage field of tha
magnet js utilized; consequently the magnet is comparatively strong for a given torquo on
the disk. ~

A device for compensating for the eflect of temperature consists of an iron ring mounted
on three bimetallic levers. Charwes in tenmerature cause this ring to move nearer or away
from the magnet, thW. d@orting ~he magne-tic field and changing, %y a suitable amount, the
strength of the field utdimd for torque.”

.
l“” ““-””””“’ -’- ‘“ ““-””.—— . . .. ...—-- ....— . .

, FrQ.4A.-T8wekettio mcbometer.

FIG. 46.-Warner magnetic tachometer, cartridge t~,e. FIG. 47,—Warner magnetio taehomcter, r.lrplnnd typf.

The instrument is calibrated by moving the magnet nearer to or away from t.hoindicating
disk.

The scale, which is on the side of the drum, is graduated from O tu 2,000 revolutions por
minute in intervals of 25 revolutiona per minute.

Figure 47 shoyw an airplane model of the sameimtrument. The magnet is geared to tha
main drive, A disk with pointer attached is used instead of .a drum. ~

The sams type of temperature compensator k used as in the cartridge model. It is not
shown in the figure.

Attention is calkd to the pointer damping device which consists merely of a permanent
magnet placed near and over the edge of the indicating disk.

The scale extands from O to 2,600 revolutions per minuti in intervals of 50 rovolutiona
per minute.
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&uta.—Fige 48 shows. a cartridge type of German make. The permanent magnet,
rum$ug in balI bearings, is in the form of a split ring. The inmrted druq in which currents
are reduced, is mounted in jeweIed bearings coaxialIy with the magnet. Calibration is eflected
by adjusting the position of a truncatad cylinder and thus varying the strength of the mag-
netic EsId.

,

The instrument has no temperature compensator.
The scale extends from O to 1,600 revo~utions per minute over about 300” and is non- ,-

hlminous.

FIG.‘is.-muta M8gnetlc twbm.eter. FIQ. 49.-AtIn0 mercury FfsccsXy tackmleter.
. .

MERCURYVISCOSITYTACHOMETERS.

Ahno.-This tachometer, shown in fig-ure 49, is a French instrument of the mercury w&-
cosity type. lfercury contained in a steel cylinder is rotated and tends to drag with it a disk .
&d to the pointer stti and mounted concentrically with the cyIiuder. The deflection of the
pointer is controlled by two flat coiIed springs, one of which comes into action later than the
other, thus tending to make the scele more nearly linear than if only one spring were used. The
tachometer dial reads from 400 to 1,600 revolutions per minute, and is nonluminous. The

.—

weight of the instrument is approximately 3 pounds.

—

~Q.w.-V6@erIlqufdmtz’Jhz@tnclmmeter.

LIQUID CENTIUP’UGAL TACHOMETERS.

Veeder.-Thia tachometer, shown in @me 50, is an American instrument of the liquid
centrifugal type adapted for airplsne use. A paddIe wheeI rotates in a liquid and forces it
through a tbrottIe wdve up a systam of glass tubes. The height of the Iiquid indicat+s the
speed. The scaIe extends from 76o to 1,500 revolutions per minute. The weight of the instru-
ment is approximatcdy 1+ pounds.

2oM7—~
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POWER PLANT INSTRUMENTS.

PARTII.

WTING OF AIRPLANE TACHOMETERS.

BY R, C.SYLVANDER.

SUMMARY.

This part describes in detail the apparatus and methods of testing airplane tachometers
at the united States Bureau of Standards. Also, the average results of tests on many instru-
ments of the ohronometric, centrifugal, magnetic, and air wiscosity type are given and arc
discussed.

,

INTRODUCTION.

The principal teats made on airplane tachometers are for calibration error, lag, effect of
reversing the direction of rotation of the drive shaftj and the effect of various conditions en-
countered in airplane flights, such as change of temperature, vibration, continued running,
tilting, and reduced air pressure. The usual method of determining the error or ef’iect is to
compare the reading of the tachometer with that of ~ master instrument driven from the same
shaft. In the following the apparatus and methods for the various tests, as well as the pro-
cedure in calibrating the master tachometer itself, tie described.

. iESCR1~ON OF TESTUW APpARAWS.
DRIVING APPARATUS.

The driving apparatus, shown in figure 1, consists of a one-fourth horsepower, direct+current
shunt motor (M) and a 14-inch flywheel (0) mounted on a base plate. (34) and (0) run in
separate bearings, but the Oldham connection (U). .rnakes perfect alignment between them
unnecessary.

Variation in speed is obtained by means of the rheostat (R), which can be connected in
series with either the armature or the field of the rnQtor.by means of the switch (A). By re-
moving the resistance from the armature circuit and th~n, aftyr reversing the mvitch~inserting
it in the field circuit, a gradual increase in speed & ob tamed from zerQ to 3,000 revolutions per
minute. In lowering the Speed the operations are rev&sed.

By this method of varying the speed, power is wasted in heating and the rotation tends to
be unsteady at high and low speeda. The latter objection is practically overcome by the ily-
wheel, which, at the same time, allows the speed to be varied with sufficient rapidity from point
to point. The method has the advantage that the c$ive is direct without possibility of slippage.

Fine speed regulation is obtained by friction of the hand on the rim of the flywheel, using
the maskr tachometer (T), flgyre 1, as in indicator. ,Special tests have shown that, with proper
precautions, the speed may thus be held constant within a few revolutions per minute for tests
either on instruments or on the master itself. ~=

MULTIPLECONNECTIONSTANDS.

Four fermi of multiple drive for connecting .imtrumenta to the driving apparatus are
used. The connections are designed from the standard instrument flexible shaft, and engine
connections used on knerican airplanes during the war and shown in sketch No. 75 issued
October 11, 1917, by the United States S&ml Corps.

6$0
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The fit of these (V) @g. 2) consists of a series of five rigkngle joints connected in series
and fitted with vertical extensions of one-fourth inch extra-heavy pipe, approximid.ely 6 inches
and 1 foot long, to which the instruments are attached in staggered arrangement by mew of
standard couplings. The pipe extensions serve both as casings for the ffexible cabIes by which
the instruments are driven from the right-angle joints and as rigid supports for the instruments
themselves. This form of multiple comection gives good rtdts with centrifugal tachometers,
which are frequently unsteady with a rigid drive.

The unit is attached either directly to the shaft of the flywheel by means of an OkUmm
coupIing, as in figure 2, or to one of the sockets of the double drive (X) (fig. 1), either by an O1d-
ham couphg or a fltible shaft, as the stand m), figure 1.

(W) (~. 2) is a form of multiple drive, yery simdar to (V) (fig. 2). The right-angle joints
in this c=e are the same as those of (V’) except that they me made with the standard engine

IiH

Fm. I.—Testing apparatus for alrpbne tachometers.

camshaft connection, so that instruments can be driven from them by means of the regular
flexible shsft. This also works vrdl with centrifugal, but requires a separate support for
the instruments.

A two-way drh-e of this kind is (X), shown in figure 1, attached to the driving apparatus.
This is used to drive instruments individudly, as (H), figure 1, or one or two of the fiv~way
stands, as (Y), figure 1.

(~ is a rigid multiple drive. The @h&angle joints we the same as those of (V), byt the
instruments are cxxmected rigidly to them-three directly, the other two by mems of rods con-
tained in pipe extensions to which the instrument me attached. The righkngle joints are
provided, on the ends from which the instruments me dI@II, wi~ ~~~a~ tks, &z@ later~

play, the same as in the regilar flexible shaft. lfevertheks this form of drive is apt to cause
Unsteadin- in the case of centrifugal tachometer, especia~y in the csse of the instruments
farthast from the driving end.

.

..—-
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MASTERTACHOMETER.

The master tachometer (T), figure 1, is connected to the motor shaft by a rigid drive, so
that its ruruiing speed is equal to that of the instruments. A comparison of the readings of
the two, corrected for the errors of the.master itself, thus gives the errors of the instruments.

The master tachometer used at present is a 36-inch Veeder, Form H--4, liquid centrifugal
tachometer, This instrument contains colored kerosene and has a paddle wheel in the base
which, as it rotates, drives the liquid up in a vertical glass tube. The speed is determined by
the position of the meniscus on a scale graduated in revolutions per minute.

The instrument has a very open scale, is direct reading, sensitive, and quick in operation.
Investigations made thus far indicate that the secular changes and the errors due to lag, tem-

.“

..- -4
w

h--

,

Fm.2.-MuU@3Connecticmtids.

perature, leakage, and inaccuracy in the setting of the zero, though not negligible, are of no
serious consequence in the testing of airplane tachometers, which are read ordinarily to five
revolutions per minute only.

OTHERAPPARATUS.

Another method of testing tachometers is by means of a Tinsley stroboscopic apparatus.
A so-called observation disk, on which are certain regular geometric designs, is rotated at the
same speed as the tachometer an-dis illuminated 50 times a second by the instanttineous action
of a Neon tube. The lighting of this tube is effected by means of a tuning fork which, as it
vibrates, makes and breaks the primary circuit of an induction coil in seriee with a 2-volt
battary. The secondary of the induction coil then gives a discharge through the Neon tube.
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It is seen that when the rate of illumination of th~ tube synchronies with the sides of any
f@re On tha rotat~m observation disk that figure wilI appear to be stationa~. If the figure .
appears ta slowly rotate backward, tie rotating macfie is slow of the tuning fork, and fast
when it appears to rotate forward, being exactly at the initial speed when the figure is
stationary. Standard speeda are easily picked out by reference to a table.

TESTNG METHODS.

D~ERMNA&ON OF CN.IBWTIOM EEEOIL

The procedure in determining the cfibration error diflers somewhat, according to the
presence or absence of lag and whether the tachometer is continuondy recurding, like the
centrifuges, or discontinuous in its action, liie the chrcmometrics.

By Iag is meant the fatiue of a t.achomet~r tO respond immcdiate]y to changes in speed, so
that readings taken durirg or after an increase in the speed are too low; those taken at the time
of or subsequent to a decrease in speed too high.

WEEN LAG IS ASS~T.

If I% is known to be absent or ne=@ggble, M in the Van Sicklen chonometric and most
electric tachometers, the calibration error is determined as follows{ C)ne observer hokla the
reading of the master constant at the speed at which the error is desired. Another observer
simultanecmdy ~akes a number of readingg of the tachometer. The aver~we of these readings
minus the fixed reading of the mwter, the latter comect~d for ib o- error, gives the error of
the instrument in revolutions per minute. If the tachometer is a chronometric, it ‘k well to “-
ha-re the readings MWerseveral co~~ periods, the latter be~g USUSIIyone or two seconds in
Iength. In this way the effect of the fluctuation, which oocur under certain conditions even
at constant speed in thii type of instrument, maybe parti~y eliminated.

W= LAGIS“PEESliWT. .

If the instrument has lag, failure to t~ke account of the same may lead to serious inaccuracy.
This is because the l~mlSStSSomettiw sever~ rninut~ after a vtiation in speed, even when the
instrument is tapped or vibrated, so that &e obse~ed error is not the true calibration error but
the resultant of it and the lag.

In this case the errors tith inc~ss@ and decreas~w speed are observed id their algebraic
mean taken as the true calibration error. Thus the effect of the lag, not only of the tachometer
but of the master instrument as well, is”efiated. The procedure varies somewhat, according
to the type of instrument-.

If the tachometer is of. tie discont~uou~y ~cor&g ~nometic type, like the TEL, in
which case the lag is cawed by Icst motion alone, the sped is bro~mht SIOWly Up to, but not
beyond, the point at which the error is to be determined and the error noted. The speed is then
lowered 50 to 100 revolutioM per minute, brought Up ~C& and anotherreadingtaken. A few
readings are made in this VWy and ELII equal number in the s-e mmer, except that the point
in question is approached from a hiier instead of a Iower speed. !l?healgebraic avcmge of these
errors is the calibration error of the instrument. The procedure is similar to that ernp~oyedin
the case of screws and other apparatus subject to lost motion..

on the other hand, “if the tachometff is of tie confiuo~y indicating type, such as the
centrifugals, air vkwosity tachometers, and m~eti~, the speed is raised continuously from
the lowest to the &mhest point of the scale and then lowered ~h continuously at the rate of
about 50 revolutions per minute in 10 seconds. The throttle of the Veeder is kept open in this
test by about five turns of the throttling screw, to minimize the lag in the master itself. One
observer varies the speed and watches the master, sign~~ quic~y, as the meniscti passes the
respective points on the scale, to anothei observer, who records the error of the tachometer. ,

Ihudly a check run is made. In any case an equaI number of readings with increasing and
decreasing speed are taken at each point. The errors with increasing speed, or” up errors,”
are recorded in a cohnn.n opposite the corresponding speed and the errors with decreasing speed,
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or ‘(down errors,“ in a parallel colmnn. With a view to the later calculation of the lag, the
up errors at each point are averaged by themselves, and likewise the down errors. The algebraic
mean of the two averages gives the calibration error a$.the point. The valuw are tabulated in
a third column parallel with the columns of up and down errora.

LAG.

The lag is measured numerically by the algebraic excess of the down over the up error
or reading. It dependa frequently on the rate of variation of the speed and on other conditiom~,
such as vibration, and, in liquid tachometers, on the degree of thro~tling.

In all mtiasurernentsof lag care should be taken that the lag of the master tachometer
itself is negligible; otherwise the observed values will_be too 10W.. The use as a master of a
tachometer of the same type as the one under test or of a type, such as the centrifugal, com-
monly known to be subject to leg, is especially opeh to qu&tion. The lag of the Vewler instru-
ment, with the precautions as to throttlitigand rate of variation of speed noted above, is five
revolutions per minute or less.

The lag is calculated by taking the algebraic cliffer6nce of the average, of the up and down
readings already found. The values are recorded in a fourth column parallel with tho thrca
error columns. It is customary to omit the sign.

EFFECT OF REVERSAL.

For use in muItiple-engined planes -wheresome motors run cIockwise and others counter-
clockwise it is necewary that the tachometer should read the same for either direction of rota-
tion of its drive shaft. A comparison of. the calibrations for both directions of drivo givce
this effect.

EFFECT OF VISRATION.

Airplane instruments are filways subject ta more or less vibration from tho ongino. -This,
on the one hind, facilitates the movement of the parts and thus reduces the lag. On the other
hand, it tands to cause unsteadiness of the points, looseness, and wear. Tho latter effects
will be treated in another paraggaph.

To test the effect of vibration on the lag, tachometers are mounted on a special table, as
shown in figure 3. The vibration is produced by means of an unbalanced weight (W), fastened
to the shaft of a snd -motor (M), screwed to the under side of We table. ~a lamps (H)
regulate the speed of the motor and hence the frequency of the vibration. The legs of t.hotable
are provided with rubber tips and fit into holes in the baseboard to keep them in place. In
this test the instruments are usually driven by flexible shafts, as in figure 3.

EFFECT OF TIPPING AI’4DACCELERATION,

Some types of tachometers, for example, the centrifugal, show an error when inclined to
the vertical and also when subjected to Linearacceleration, as in banking, climbing, and acrobatic
flying. For this reason tests are ordinarily made with the inatrumont in the normal vartical
position.

Tipping and acceleration produce the same effect; namely, a change in the e170ctiveforce
of gravity. For example, tipping an instrument upside down is the same as giving it a down-
ward acceleration equal to twice that of free fall. Therefore the acceleration test is omittod
and the tipping error taken as a measure of the acceleration effact. f

The tipping error is determined by simply tilting the insJ,mmenton a ring stand or pivoted
board and comparing the error in the inclined position with that in the vertical position.

EFFECT OF TEMPERATURE.

* The changes in temperature which occur in airplane flights affect the reading of some
types of tachometers. Determinations of the error from this cause are made by means of
the thermrdIy insulated chamber shown in figure 4. The walls of this chamber, including the
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door which fmm.s the front side, are composed of 4 inches of

695

cork board faced with wood.
Lateral windows, comisting of two sheets if plate gIass separated by an air space and covered
by doors having 1 inch of cork board, give visual acceas to the chmnber. The tachometers

. are mounted in front of the Windom either on the multiple connection Stands previously
described or on detachable instrument boards fastened to the wall “of the chamber. The rigid
or flexible connections with the driving apparatus pass through a hole in the wall or door of the
chamber. In the case of the instrument boards the tachometers are held in phce simply by
pins and wooden buttons to facilitate attachment and removal.

Testa are made in the neighborhood of +40° C. and – 10.OC!.,a range of 50° C., or about
the maximum encountered in airplane flights. The higher temperature is produced by the

*g—--

IF””
..--—.----.

FIG.3.-APLMMUSlls@ indb~tfOIl fAE..

electric heater shown in &we 4, the lower temperature by brine circulating in the radiator.
A fan insures reasonable uniformity of tem~erature thro~hout the chamber.

The procedure in detaining ‘the erro~ is exact.ly th~ same as at room temperature, A
comparison of the errors with. those at ~oom temperature gives the temperature effect. It is
customary i%state, for each Epeed$the mtium ef7ect observed; that is, the great=t difference
(aIgebraic) between the “hot,” “ cold,” and room temperature errors. It is well to note ako
the effect on the lag, which maybe considerable, due possibly to differential expansion or thick-
ening of lubricant.

Emma.u.xcEL? VISBA’I=ION.

The endurance tests and the test for the eilecttof long-continued vibration are performed
sirmdtaneoudy, partIy to save time, part~y to reprodu de actual conditions as closely as poseebIe.
The apparatus used, shown in figure 5, is contained in a double vmoden box to deaden the noise.

.
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The outside of the inner box and the inside of the outer one, as vveIl as the corresponding doors,
are completely covered with 1 inch of hair felt, and, in addition, there is an air space of about
1 inch between the boxes on all sides. _ The outer box is approximately 2 by 2* by 7* feet.

The instruments are mounted on multiple connection stands, usually of type (Y), clamped
to a tab~esindar to that shown in figure 3 and aIso having attached to its under side a small
eccentrically loaded motor which keeps it and the instmmenta in constant vibration. bfot i-re
power is furnished by one-eighth to one-fourth horsepower motors placed at the en&” of tho

.. .. ......-.”.

FIG. 4.-Temp6rahlm charnk.

table. Connection between the motors and the multiple drives is made though a friction pulley,
which allows slippage and thue preventa serious injury to the multiple drive or instruments in
case of stoppage; and, also, through a univered joint which gives the flexibility required from
the ftiet that the multiple drive is vibrating, whereas the motor is fixed. An automatic cutout
disconnects the motor, in case of stoppage or serious reduction in speed, to prevent burning out
of the same, and also stops a clock so as ta record the time.

Two different arrangements appear in figure 5. One connected with the left-hand motor,
consists of a small horizontal centrifugal governor which collapses as the speed diminishes,

k
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opening a contact gap in the motor circuit and pushing a plunger up against the balance wheel
of the C1OCIC. L .“

The other, oonnected by a flexible shaft with one of the multiple drives, is seen in the upper
Ieft-hand oorner of the chamber. A smfl fan, tilven through the flexible shaft, blows air
against a light ahuninum wind cu. pivoted in horizontal bearings. Above a certainspeed the
wind cup is heId over away from the fan maintaining the connection with the motor (right hand).
BeIow the speed the wind CUp,being suitably unbalanced, drops back toward the fan, breaking
the motor connection, but making connection between a battery and the electromagnet seen
directly back of the &~ht-hand clock. The magnet, being ~cited, releases a phmger which
springs up against the bilance wheel of the clock, at the swne time again breaking the connection
with the battery in order not to exhaust the latter.

Neither of the cut-outs described will function in the case of stoppage of individual instru-
ments, unkss accompanied by stoppage or consid&able slo-ivingdowg of the entire apparatus. -

1-.: ..- .- ..-. w

l?Io.5.–~tion app9rWo9.

When this occurs, however, they serve the double purpose of protecting the motor and of
recording the time, so that the duration of the run may be kmpm.

The nornd kmgth of run is 150 hours.. After the run the instrun&@ which have stiered
no breakdown or serious ruechaniod defect, are rectibrated and the ohange in calibration at
each point as a r=ult of the run tabulated. AU instruments are then dismantled and examined
for wear, looseness, dippage, lubrication difficulties, or other mechaniod lmubk.s.

EFFECXOF EEDtWED AIS PRE=LT=

Some tachometers, requiring air for their action, are &ted for the eilect of the diminution
in air pressure above the surface of the earth.

The tachometer is driven inside a partidy evacuated chamber through a mercury seal.
The use of a packed bearing and the temperature ohangee, when the driving motor itself is
plqced tithimthe ohamber, are thus avoided. F~e 6 shows the apparatus.

—
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(A), (B), (C), and (D), @g. 6), are,respectively, the drive motor, master tachometer, mercury
seal, and vwcuum chamber. The chamber consists of a glaswbelI jar (.E) inverted on a shel
plate (F). The plate and jar are held together part~y by the weight of the latter and partly
after evacuation, by the pressure of the outer air. The joint between them is hermetically
sealed by the rubber gasket (K), which is cemented to the edge of the jar with shellac, the
surface of the plate beneath being smeared with va.seline. The tachometer (T) is supported
on a stand (J) fastened to (F).

The mercurj seal (C) is of peculiar constmction. It consists of a heavy walled glass
manometer tube about 30 inches high. The tube is connected at one end with the air chamber
through the packed coupling (G). me other end is open to the air. A standard flexible
cable and casing, the latter perforated at several points, are placed in the manometer tube.
Connection is made at (H) with the motor shaft, at. (L) with the tachometer. The tube is

partly filled with mercury. Air is ex-
hausted from (D) through the pump
connection (0). As this is done mer-
cury rises in one arm of (C) and falls in
the other, as in an ordinary manometer,
until the difference in pressure in tho
chamber and the outer air is counter-
balanced. Mercury at the same time
runs in around the cable. through the
perforations in the casing, forming an
air-tight seal about the cal.de without
sensibly impeding its rotation, A ther-
mometer (M) and an aneroid barometer
(N) show, respectively, the tempera-
ture and pressure in the chamber.

A comparison is mnclc of the cali-
bration error at low pressureswith thtit
at normal atmospheric preasurc. This
may be determined at different speccls
for the same pressure”or for diflerent
pressures at the samo speed. Or the
pressureeffect may be observed dircc.tly
by holding the speed conshmt tmdeither
exhausting or readmitting the air to

I FIG.6.—Appuutusfortd.hgtachometer under reduced preesure.
the chamber and noticing the change
in reading.

The apparatus has been used at speeds up to 2,500 revolutions per minute mndat pressures.
as low as one-+alf. atmosphere, corresponding to an altitude of 20,000 feet.

CALIBRATION OF MASTER TACHOM~ES.

Calibration and in=restigat~onof the master tachometer itself are dono by an absolute method,
by which the revolutions and the time are measured directly. Two difTerentappliances am in
use,, both of the kind in which a revolution counter is operated automatically by means of
electric time signals.

The Iirst is a slight motivation of an apparatus employed by the Vceder Manufacturing
Co., and described by Amasa Trowbridge on pages 1221–1223 of the Transactions of the American
Society of Mechanical Engineers for 1908. ‘;
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It consistY, in brief, of a relay, ekctromagnets, battery, and switches. The time si.gmd
current is passed through the relay, -which, in turn~ operates the electromagnets, and these
throw the counter into and out of connection with the shaft whose speed is to be determined.

A possible advantage over some apparatus of this kind consists in the fact that the co~ter
is engaged and disengaged by identical operatiom. An-y error, due to a difference in the Iag
of the counter behind the time signaI on connect@ and that on disconnecting,is thus avoided.
The electromagnets are arranggd so M to gke directly, mithout the use of Iinks or pivoted
joints, the necessary rectilinear .motion for engaging and disengaging the counter. -

F&.res 7 and S show the apparatus. The wiring diagiam (fig. S] shows that the push
buttons (P,) and (PJ are in series with the contuct gap (A) of the relay, the battery (B) mid

. —
.—

—.

. . .
.—

——

.-

--

FIG,i’.-’rfrne sIgd apparatus for cdbmtingmastertfwkrmtef-

the electromagnets (M,) and (3Q, respecti~e~y, through the connection sockek (%) and (W.
Therefore, if either of the push buttoti is held down, the corresponding electromagnet is actuated
by the time signaIs. NOWthe mRgnets and counter (CJ are -coaxird and, by their attraction of
the steel armatures (Dl) and (DJ, move the vane CL)which slides endwise in a slit in the end of
the counter spindle and with which the spindIe rotatm. The movement of (L) is accomp~ished
through the rod 03), which slides in holes in the cores of the magnets and to mbich (D,) and
(Da) are fied, the slip connection (G) and the rod (K) ~wtich i.sfree to ~ide in a hole in tie
counter spindIe and to tihich (L) is fastened. The end plates (Rl) and (RJ are of brass. The
plates (Wl) and (W2, however, me of steel, and form, with the cores of the ma=wek, the return
bars (Hl) and (HJ and the base plate (T), dso of steel, the partial magnetic circuits which are
complet&l by (DI) and (DJ. ~ is a guiding pin to prevent rotation of (E), (Dl), and (DJ.

.

..—

.—
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According M (M,) or (NJ is excited, (L) is thrown into mesh with the rotating clutch
(N) on the end of the shaft (F) whoke speed is to be determined or with the stationary clutch (0).
It is held in either position by rasidual magnetism. Furthermore, the width of (L) is made
slightly less than, but as nearly as possible equal to, the distance between (N) and (0), so thtit
.(L) :goes into mesh with the one as soon as possible after going out of mesh with the other, but
can not be in mesh with both clutches simultaneously.

The above form of revolution counter has the advantage that it may be connect.cd rmd
disconnected without moving the counter as a whole,

Suppose that, to start with, both pushbuttons (Pl) and (l?Z)are up and that (D,) is against
(*W). (L) is then out of connection with (F) and the counter is at rest. The reading of the
counter is taken to a fraction of a revolution corresponding to the number of segments or pockets
into which the clutchm (N) and (0) are divided. Then just beforo a gi~en signal tha button (l?,)
is pushed and held until after the passage of the signal. From the foregoing it follows that at
the instant at which the sigmd .is received, (M,) is actuated, (D,) is attracted UPto (if,), (L) is

thrown into me& with (N), and”tlm co&’tcr ~o-

~ ?9

@ns to record the rovolutions of (F), (J?l) is
now released. Next, just previous to anothor

stand u
F]o.8.—Thtl6s@8l&l~p~tus,

closures of the circuit, as by (1?,) and (FJ, are

, stated time si~al, PrlferakIv an even number
of minutes af~er th~ first, (P,) is pressed and
held until after the sigmd occurs. Obviously
the effect will now be, at the instant at which
the signal arrives, to excito (11,) attract (D,)
up to (lfz), throw (L) out of mesh with (N),
and ~tgp the counter, This stoppngo k ilnme-
diatci~“coasting” of the counter being pre-
vented by the mesh of (L) with (0). The
counter is then read again. The difference be-
tween the initial and final readings gives tho
revolutions during thg interval behvcen the
time signals, and henm tho speed of (l?).

The time signals at the Bureau of Sttind-
ards occur every second, tho minutes being
recognized by the omission of t.ho fifty-ninth
signal in each minute. ‘I’he operation of t.ho
apparatus and the regulation of tho speed aro
easily performed by a single observer. Further
simplification, however, is obtained when the
mad-eautomaticall~ at intervals of one or more.- -.. ,

minute-s by a clock-driven commutator. Also it .is proposed to-construct an appmatus with
two counters arranged to operate alternately. The two-second pause may then I.)o utilized
witho,ut the necessity of waiting over every other minute.

The magnets @fl) and (M,) being practically alike, as statad above, the operations of con-
necting and disconnecting the counter are sensibly identicaI and the effect of inductive lag is
eliminated. Also if (L) meshes to equal depth with the clutches (N) and (0), the errors due

to the time required for (L) to free itself from the clutches at the beginning and end counter-
balance each other. An error caused by the revolutions lost while (L) is traveming the clear-
ance distance between it and the-clutches is, however, present. This error is determined by the
amount of clearance and the velocity of (L), the latter de-pending in turn on the pull of the
magnets, the mass of the moving system, and the frictional resistance. Though as yet no
separati study of this source of error has been made, the close agrciement,within a fow revolu-
tions, of the results with those obtained by other methods and ekewhere indicate that the
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apparatus is sufficiently accurate for the purpose for which it is intended. The separate read-
ings themselves agree, under the best conditions, to within one-fourth to one-half a revolution.

A second, more complicated, and theoretically less accurate apparatus appems in figure 9.
In this apparatus the counter ia thrown in and held in by ma=metic attraction, but is disen-
gaged by a spring. The operations are timed automatically by electic sigmds from a clock,
the observer having only to press a button twice and throw a switch ouce.

The counter ,is mounted on a sliding rod fixed to the armature of an e~ectromagnet, seen
at the right of the @re, and is fitted .tith a star vrheeIwhich engag= a pin in the end of the
shaft -whose speed is to be determined. A helicid compression “spring encircling the sliding
rod holds the counter normally out of connection with the shaft.

The arrangement is such that current begins to flow through the electromagnet at the
instant of a given time signal, and continues to flow, thus putting the counter into and holding
it in connection with the shaft. Another signal, exactly a minute later, breaks the circuit of

--
.—

—
—

a

.%
..-_ .--?, —

.

,

Fni.9.—’lWnes@mIapparatus M in calibrating master tdnw.teter.

the electromwznet and the counter is disconnected. The neceasarv electrical connections
for these oper&ions are made by means of the.switchboard seen in the-ceriter of @ure 9.

Ordinmily only the relay (A) ia actuated by the time signaL If the push button (D) is.
pressed, however, the relay (B) is aIao operated by the signal. (B} is provided with an hum- -
lated stud on the inner aide of its muature, connected as shown, and when actuated puts &elf
and the counter magnet in connection with the I1O-VOMmains through the lamps (L), (M),
and (N) in paraUeL At the instant of the fit signal occurring after m) is pressed, therefore,
the counter ma=met is excited and the counter begina to record revolutions. Moreover, since .
the exciting of (B) itself maintaiqa the connections, the current continues through the countd
magnet. The cmmter is thus held in connection with the shaft and continues to count
revolutions.

The switch (C) is now moved to the left. The contact with the cantral studs, which is
made before that with the right-hand studs is broken, disconnects .(B) horn the mains but
maintains tie connection with the counter ma=gnetthrough the lamps (L) and (Id), so that
counting still proceeds. The contact with the left-hand buttons merely rearrange the con-
nections so that actuation of (B) will now disconn&ct the counter magnet from the mains

.,.

.

.—

—

—
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instead of connecting it as before. Accordingly, (D) being pressed, at tho t.inmof the nex~
following signal, the counter magnet is disconnected. The count,er is thus diacgnnccted and .
ceases to record revolutions. The time and the revolutions both being known, tho speed is
readily calculated.

This apparatus has the relative disadvantages of complexi~y, comparative uncertainty
in action, and, theoretically, of error due to the fact that the counter is connected and dis-
connected by diflerent means-by magnetic attraction and by spring force, respectively, It
is, therefore, not considered, on the whole, as desirable se the first apparatus described.

RESULTS OF TESTS ON AMERICAN AIRPLANE TACHOMETERS.

Detailed resndts of various taste on several types of American airplane tachometers are
given below. A brief summafy of these results has already been given in an earlier section
of this report.

~-AVERAGE RESULTS - CHROHOMETRICS

m?..10.

●

.

.
.

The following types were tested thoroughly: Chronometric, centrifugal, and magnetic.
Other types, such & air viscosity and electric, were tested less complete~y but sufT’Ecient.lyto
prove that they were not at present well adapted to tiirplape use. For this reason the second
group of instruments were not given certain tests which they could probably pass successfully.

The performance of each of the chronometfic, centrifugal, and magnetic type is first
discussed separately and then compaxed with that of the other types.

CHRONObfETIUC TACHOMETERS.

Chronometric tachometers were studied for calibration errors, lag, effect of temporatmo
change, tilting, and running on the calibration, .&o makes, based upon the same principle
but ‘differing greatly in detaiI, were tested. In the following discussion these two makce are
identified by the letters ‘( A“ and ( ‘B”. A weighted mean of the rcsuhs for the two makes is
tabulated as the performance of the type, and is plotted in figure 10.
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(Whz.tion.-’l!he calibration errors of a new instrument of this type are usually small.
The average errors of 204 instruments, of which 79 were of make “A” and 125 of make “B,”

--

are tabuhked below in Table 1, together with the average errora of instruments of each make. .-

TABLE I.

.

.. .

a..

.—
.,—

.“. —

-
.-. +

—.

. .

The average error for all speeds -was about 7 revolutions per minute for make “A” and
6 revolutions p-w minute for m&e “B.”

The percentage of instruments having errors betvmen the foIIowing limits-namely, greatm
than 20, 20 to 10, and 10 to 5, respectively-was 11, 69, and 20 for make ““A’’and 5,46, and 49
for make ‘( B.”

Efect of running on cdibratian. —Table II showa the dect of 150 hours running and
vibration on the calibration for 35 instruments of make” A“ and for 51 of make” B” end also
for the type.

TABLE11’.

I

p—
... ..........

1...............
I@)...........................j%..........-.’.............iglK._. ....-
2,a33. . . . . . . . . . . . .
yc&....._..

. . . . . . . . . . . . .

,

. . ..

. .-

It ISseen that the average effect in each make is practically that of the type, or 6 revolu-
~ionaper minute.

Of 35 instruments of make “ A“ 14 per cent showed mtium ohanges of 20 revolutions
per minute or over, 57 per cent changes between 10 and 20 revolutions per minute, and 29
per cent showed changes les than 10 revolutions per minute.

Of 51 instruments of make” B,” 8 per cent showed chamgesover 20 revolutions per minute,
45 per cent between 10 and 20 revolutions per minute, and 47 per cent 1sss than 10 revoluti~ns
per minute.

—

.-

.—., ---

-—

—
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Temperature.-The average effect of 50° C, change in temperahm is tabukited below in
Table III for 36 instruments of make “A” and 34 of make “B” and for tho typo.

TABLE 111.
.—. .,,“ .L -

I AveIwetiertln~voltilonsper ]

Spwd In revolu-
tions per minute. —

Make “A.’

E:::::.::::::::::
l/xc,.:..........
I’M. . . . . . . . . . . . .
1,4(0 . . . . . . . . . . .

. . . . . . . . . . . . .
j%% . . . . . . . . . . . .

. . . . . . . . . . . . .
$: . . . . . . . . . . . . .
, . . . . . . . . . . . . .

I

1.

. . .

It is seen that the effect is &eater for instruments of make “ A“ than for those of make
“B.” The average effect for th~ type is small, the maximum being 9 revolutions pcr minute.
It will be noticed that the temperature effect increases slightly with the speed.

Of a group of 36 instruments of make “ A“ tested for the effect of temperature change
14 per cent had effects equal to or greatat than 25 revolutions per minute, 70 pm cent behvoen
15 and 26 revolutions per minuta, and 16 per cent less than 15’revolutions per minute. Of 34
instruments of make I(B J‘ only one instrument showed an effect at any point of 25 revolutions
pm minute, the remaining 97 pm cent having the maximum effect less than this amount.

Tilting.--Instruments of the chron,ometric type read the same for all positions of tho axis
with respect to the vertical.

Lag.-The chronometric tachometer has no lag due to friction and inertia such as is found
h the centrifugal, A time lag is, hcrwever,characteristic, owing ta the fact that the pointer is
locked in position during each counting period. Consequently, any change in speed during this
period, usually one second, will not be shown until its end, and may be considerable. But,
if the speed is incre=ed to a given value and held constant for a few seconds, the reading will
be practically the same as if the speed had been decreased to the same.value and held there.

A pointer-steadying device used in instruments of the type denoted make “A,” causes a
difference between up and down readinga of 20 revolutions per minute or more, due to lost
motion. This lost motion is purposely inaertad, a steady pointer evidently being deemed by
the manufacturers as more desirable than freedom from lag.

If ohronometrio tachometers do not have this specia~ pointer-steadying device sudden
slight jumps of the pointer are usually present. This is due to the fact that the teeth of the
fine-toothed pinion do not always mesh correctly with those of the rack or counter gem, and
slippage or sliding of one tooth upon its mate until proper mesh is made must occur before
the mechanism functions properly. The maximim jump which could occur from this cause
is in the neighborhood of 15 revolutions per mi~ute. The jump observed in practice is usually -
less than 6 revolutions per minute.

Durabi.Zi_ty.-An idea of the durability of the chronometric tachometer is given by the L
following data: Of 50 instiu.ments of make “A” twted for endurance 14, or about 28 per cent,
failed before the test was completed. Of 69 instrument of make” B,” 14 or 20 pm cent failed.
The length of the test was 150 hours.

It is only fair to say, however, that of the failures of make” B” the larger nu.mhr occurred
in instruments of the eadier production. The later instruments were improved so that of the
latter third of the instruments submitted ~ the tests the failures were fevr.

Conclu&ww.-It is seen that the performance of the cbronornetric type is very good as
regards accuracy under difTerentconditions of temperature, altitude, etc. Owing to the fact,
however, that the readings are intermittent, it is not so satisfactory as an indicatm for speeds
whioh are ohanging. ‘For instead of indicating the change in speed gradually as it occum, it
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shows all at once at the end of a given time interval the total change in speed which occurred
during that interval. This lack of sensitivity is a serious defect for certain kinds of work and
certainly is not a desirable feature for use in airplanes.

=RIFUGAL TAOHO~S.

Centrifugal tachometer vm.restudied for calibration errors, effect of e, ~~g,. ~%
effect of temperature chsnge and durability. Two makes, “ C“ end “D,” both of the so-called
governor type, were tested. The results of these tests are given below for instruments of each
make, and a weighted mean of these resuIts is tabulated es the average error for the type, and is
plotted in @ure 11.

AIRPLANE TACHOMETER
PERFORMANCE - TYPE TESTS

AVERAGE RESULTS - CEHTRIFUGALS

Fm. 11.

The average calibration errors of new ins~ents of the centrifugal type areGWi3ration.—
somewhat higher than those of the chronometric type. The average errors of 73 instruments,

of which 9 were of -ke” C” ~d ~ of m*e “D,” are tabulated below, together with the

—.

-—

—

—.

average errors of each make.
TABLEIV.

r -

k
‘ A- m=duths w

YCR%$%%%-
Mak9 “c:’

T
6w . . . . ..--.-_–
sm.............
I’m----------
I@3 . . . . . . . . . . . . .
1,403 . . . --------
l,KO . . . . . -----
law . . . . . . . . .._.
2,0m. . . . . . -----
2#xl . . . . . . . . . . ..-
2#xL. . . . . . .. . . . .

,

—

-.

—

t -.

The average error for all speeds was 26 revolutions per minute for make” C?,” 28 revolutions .
per minute for make “D,” and 27 revolutions per minute for the type. of make “C,” 89
per cent had errors at some point of 20 revolutions per minute or more and of make “D,” 71 —

per cent.
2o167—~
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Efec.t oj running on the calibration.—The average effect of 150 houm running and vibration
on the calibration is shown below for 33 instruments of which 5 were of make “C” and 28 of
make ‘f D.”

TABLE V.

k7p&RR-
Make 1’C!’

mirrut4L

Make “D:

m
al
92

.62
‘la
67
61
54

&

--- .. .-
.

. .— .

The average change in calibration caused by running is 20 revolutions per minute for make
“ C“ and 81 re;olutio~s per minute for make “D.” Th~ average effect for- tho type is 73 revo-
lutions per minute.

Of make “C,” the greatest effect observed at any point was 58 revolutions per minute;
80 per cent of the instruments tested showed an effect atone or more points of over 20 revolutions
per minute.

Of make “D,” 65 per cent had errors at some point of 50 revolutions per minut~ or more,
15 per cent between 50 and 20 revolutions per minute, and 20 per cent less than 20 revolutions
per minute.

TiXiW.-Table VI shows the effect of the position of the instrument with respect to the
vertical. The error for each point was determined with the instrument (1) upside down and
(2) on its side. In all cases the reading in these positions was higher than in the vertical position.

TABLE VI.
,. .,

f I Amrags change [n mfdngtid~;to tlltIng In rwdutfons per
I

speedh revolutions
per rrdnute.

k

Upside down.

y$i:

~1::::::::::::::::
lb:::::::::::::::
l,4ce . . . . . . . . . . . ..-. _
1,603.. . . . . . . . . . . . . . .
1,s03 . . . . . . . . . . . . . . .
2,0XL.. . . . . . . . . . . . . .
Z,’m .. . . . . . . . . .. . . . .
?r’m. .. . . . . . . . . . . . . .

m
M
s%%
25
23.
16
M
18
16

1.

I

-
*

- .
,L5
26
Sa
m
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14
1s

:
la

-...=+

ondds. ~

-. ,:; .
.

Make
,’~.:, ITyP&

- l—

I . . .

.,-

—.. . —

The average errors for make “C” are 23 and 16 revolutions per minute for the upside down
and on side positions, rmpectively. For make “D” the corresponding averago errors are 55
and 42 revolutions per minute.

@.—The differences between readings taken with decreasing speed and with incrcmsing
speed are tabulated below. Four tablea are given showing the lag (1) before the endurance-
vibration run without vibration, (2) the same with the instrument being vibrated while cali-
brated, (3) after the enduranc-vibratiort run without vibration, and (4) aftw the endurance-
vibration run with vibration. These values are shown graphically in the upper right-hand
plot of figure 11. The effects of vibrating the instrument during the calibrations before and
tifter the endurance run are evident from the datu and plots; also thd effect of the run itself,
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TABLE VII.
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9#cQ....... . . . . . . . . . . . . . . .._._ - 1-2#xL-...... . . --------- 2s

Number M hretrunlent9 keted--- 9

=
.=-,—

-——. —.—..—

. For make “C” the average Iag before the endurance-vibration run is 16 revcdutions per
minute without vibration, and 11 revolutions per minute when vi%rated. The qcmresponding
v~ues afterthe enduruce run are 41 revolutionsper minute and 23 revolutionsper minute

respectively.The lag was increasedby from 100 to 150 per cent as a result of the 150 hours
run.

For make “D” we average l~r before the endurance-vibration run is 47 revolutions per
minute without vibration nnd 29 revolutions per minute when vibrated. The corresponding
values after the endurance run are 172 revolutions per minute and 94 revolutions per minute.
For this make the eilect of running was to increase the l~u by from 200 to 250 per cent.

The ave~mes for the type are (I) 40 revolutions per minute before the run and without
vibration, (2) 23 revohtions per minute with vibration, (3) 125 revolutions per minute after
the run without vibration, and (4) 76 revolutions per minute with vibration. The average eflect
of viiration during the calibration is to reduce the 1~~by about 40 per tent; the average e.fleet
of the endurance run is to increase the 1~~by over 200 per cent.

Temperature.—The average effect of 5Q,0Cl cluuge in temperature is tabulated below for
3 instruments of make” C“ and 11 of make “D” and for the type.

.-

..—
—.

...—

TABLE VIII. .-

6@ h lWiOlQ-F
minute.

tfoae perminute.

ME&e ‘lC.’”

1 .. -
-:.

-—.—

a
l,ti..:::.: . . .. . .

I

I’m. . . . . . . . . . . .
1,433 . . . . . . . . . . . .
I@ . . . . . . . . . . . . .
I’m.. . . . . . . . . . .
?fm) . . . . . . . . . . . . .

. . . . . . . . . .
&l . . . ..__ . . . .
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.—
-“ —
.. ’-
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The average eilect for make “ C“ is 7 revolutions per minute, for make “D” 16 revolutions
per minute, aria for the type 12 revolutions per minuie.

Durability.-The centrifugal tachometer is not Iikely to break down until badly worn.
A few instances of the pointer being loosened on its stafl were, however, go ticed and in one or
two instruments defective steel balk in the end bearings caused an unsteady pointer. In sII
other cams the instruments continued to indicate, although in many cams the reading was in
error by several hundred revolutions.

Conclus40m.—It“kseen that the average performance of instrument of make” C,” dtho~h
poor, is much better in most respects than that of instruments of make” D.” Thk is exp~ained

.—

—
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in part by details of design, make ~’C” having a light, high speed governor while make ‘tD”
has a heavy and comparatively slow speed governor. Most of the difference, howcwer, is due
to superior quality of workmanship and finish of critical parts found in make” C.”

The average perfommnce of the centrifugal type tachometer “is far from satisfactory
especially in regard to lag and change of calibration with use. The average errors or effects for
all speeds are as follows: Calibration error, 2 per cent; effect of 150 hours running on calibration,
5 per cent; original 18g, 3 per cent without vibration and 2 per cent with, and after 150 hours’
running 9 per cent without vibration and 6 per cent with; eflect of 60° C. temperature change,
1percent: effect of tilting, 4 per cent for the’( inverted” position and 3 per cent for the “on side”
position.

MAGNETIC TACHUKWIZES.

Magnetic tachome@s ware studied for calibration errors, effect of running and vibration,
tilting, lag, effect of temperature chauge, and durability. All instruments teded were of the
same make and design. The results are shown graphically in figure 12.

Al RPLAHE TACHOMETER
PERFORMANCE - TYPE TESTS

AVERAGE RESULTS - MAGIIETICS

I I I 1. J
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Fig,12.

Calibration.-The average calibration errors of six magnetic tachometers are tabulated
below.-=

—

TABLE IX.

--’-1
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Speedinrevduticnsparmlnnta revcll-
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~4m . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

.
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The average error for all speeds is 31 revolutions per minute.
●

No instrument had dl errora 1sss than 20 revolutions per minute; 60 per cent had some
error over 50 revolutions per minute, one instrument having errors as high as 375 revolutions per
minute. The errors of this instrument are not included in “the data tabulated above, as they
were considered anomalous.

Efect of running on cdibration.-’l%e effect of running and vibrating for 150 hours on the
calibration of one airplane model magnetic tachometer is shown in the table below.

TABU X.

I
Speei in revolutiam w minute.

t;”

: 6w . . . . . . . . . . . . ----------------
, m ..........- ....-----------
, yin::. _____________

........- ........---------
l,4c0. . . . . . . . . . . . . . . . . . . . . _______

1 1,600. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
I I,w- . . . . . . . . . . . . . . -----------------
~ jg:..:: . . . . . . . . . ------------------

. . . . . . . . . . . . -------------- .

--l
Avsrqe
emit
tlons+mtnn.e.

6-I
is
1% +
23
am -
3%
3s0

The average effect is 237 revolutions per minute; the maximum effect is 400 revolutions
per minut~ at a speed of 1,800, or an ekror of about 22 per cent.

This is considered very poor performance.
T~7tinq.-The magnetic tachometer reads practica~y the same for ti positions of its axis.
Lag.-The lag in the magnetic tachometer rareIy exceeded 20 revolutions per minute. If

the speed were held constant after b6ing either decreased or increased the reading would be the
same after a second or two, the lag being caused whoIIy by shggishness of action.

Temperature.-The average effect of about 50° C. change in temperature is tmbulated
below for fivs instruments.

TABLEX1.

;

em.-..............—.----—-
am............. ................ ....
l/xO. . . . . . . . . . . . . . .._.---_—
1*.. . . . . . . ..-. . . . . . . . .

k=::::::::::::::::::::::::::::::::-’

;

loll . . . . . . . . . . . . . . . . . . . . . . . . . . . .

&&::::::::::::-:~--
2@. . .. . . . . . ..-... --—---—

In gened the eilect tif lowering the tempera&e is to increase the reading for a given
speed, that of raising the temperature to decrease it.

The average efkct is 170 revolutions per minute. The mhnm eflkct is 308 revolutions
per minute at a speed of 2,400, or about 13 per cent.

Dwabi7ity.-The msgnetic tachometers tested for endurance_ aIl showed some serious
defect as a result of the run. The uanaI and most serious was a pitting of the lower jewekd
bearing in which the electrically conducting drum or disc was mounted. This allowed it ta
move inta a stronger ma=~etic field and hence give a greater deflection for a given speed.

Conclu.swns.-It is seen that the performance of- the ma=~etic airplane tachometers was
not very satisfactory. The average calibration error was about 2+ per cent for full scale
reading; the effect of running was 16 per cent and the effect of t+anperatumwas 11 per cent.
Also the instruments seemed to be of too delicate constructicm,
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Ilatu showing the performance of the different types of airplane tsxhorneters under various
conditions are given in Table XII. The tests are far from being complete; norertheks a
discussion of such results as are given may be of interest.

TABLE XII.—Airplanetachometerperformance-typeMa.
.—---- ~“” ““’””’-

-

~

m_
u“
23
37
41
44
48
40
. . .

,.. .
. . . .
—

Error cmeflwt In revdutiom p2r minute.

%. t I

L.&gerror.
Eifectof Ml”C. tempwatum” EE~;~f~Nghuurs

*,. ;.
With With

-rmration. cut.
I

n
‘E’
i!—

4
4
6
6
6
6
6
7

—

!—:
‘7

1:
13
15

I

—

$

1—
E

lca
m
139
184
194
223
272
m
— i

,.

&

!
‘Tjp

5
4 i t!.—
S3246
60126
a

2:
1?: 6
1!23 ..?... 6
135 . . . . . . 6
165 . . . . . . 6
. . . . . . . . . . . 7
. . . . . . . . . . . 7

-

i
L!/
$3
81
42
m
73
67
61
62
62
64

—

Tiltlng
error. ~ngc

lpogo

In- On altl-
mrtcd. SIdo. tude.

—-—

“. . ~f,

j ~ 1’

- – _$l

52
w ~ .“..ii”~
4a I
43 36 . . ...8..1

44 : . . . . . . . .
44 . . . . . . . .

33 . . . . . . . .
.: 27
40 27 . . . .. . .
40 24 . . . . . . . .

,.
f

i AIRPLANE TACHOMETER
PERFORMAlfCi - TYPE TESTS

AVERAGE RESULTS

l%. 13.

The plot, figure 13, shows graphically for comparison (1) the average calibration errora of
the chronometric, centrifugal, magnetic, and air viscosity types, (2) the nvemge effect of 150
hours running on the calibration of the chronometric, centrifugal, and mmgnetic types, and (3]
the average effect ort the calibration of 50° C. temperature change for tho chronornetric, centrif-
ugal, magnetic, and air viscsosity types. The numerical data for these plots is tabuIatod in
Table XII, mentioned above. The results of the different teats are discussed I.MIow.

Ca7i5rattin.-The type of instrument, number of instruments tested, averago cal.ilmttion
error for rLIIspeeds in revolutions per minute, average percentage error at speeds of 600 and
2,400, and the percentage of instruments hating their average errora in excess of the specifica-
tion limit of 20 revolutions per minute, are shown beIow, The percentage error of most inst.ru-
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ments is uswdly less at fdl scale deflection than at lower speeds, as is evident from the fact that
the error in revolutions per minute is mora or less constant throughout the scale.

TABLE XIII.

- ,“ .
T- 07:-:.~

Revdm
tcrsted..~

nds ~ q~ RR.

c!hrcuOmetrie..........-_..-__.—______nni
cm~ti. ..- . . . . . . . . . . . . . . . . ---------

:j:1~Mf&ne&&.....----
:: .

-——-
........- -— ——.. -

Atr --ty . . . . . . . - . . . . - . . -___ . -. . .. ____
,~i -q ‘: ‘; .-

The instruments are arranged in the order of their apparent. reliabilky for calibration.
AUowanoe must be made, however, for the faot that relatively few instruments of the ma=metic
and air viscosity t~e and only one of the electric type were tested.

Temperature.-Table XIV is a summary of data show@ the average eflect in revolutions
per minute for all speeds of 50° C. temperature ohange and in per cent at speeds of 600 and
2,400 revolution per minute for five types of airphme tachometers. The laet column shows
the peroentagg of the instruments tested which had average effects exceeding 20 revolutions
per minute.~

T-m XIV.

.,

i ‘..“‘7
Aveaa!#efkct oIW Cchenge. *B

fnxlx-
Number ‘ Per cent.

m. ofln.%~- 1%-%g

I I

*Yela

twtOa. ~&- reuec

In.dE ~ q~ mum
rei-dn-

tions
?In3Jm e.

1.

--------------’-------:{i::::iI i 444 ~
‘ timmetic . . . . ..i...L._.——_\g~wtt&l . . . . . ..-.. —___

Mr*ty . . . . . . . ..—.--—-—-._.---. ---..l
, Megmtto....... _. . . . . . .._. -. . . ...-__..+ 5
I 1 , ,

.

The instruments are mranged in the order of their apparent reliability for temperature
effect.

The performance of the air -Sity and maggetic t~es for diHerent ccmditiona of tern-
preature is very poor, so poor, in fact, ‘as to eIh&nate &e types as they exist from further
consideration with those suitable for use in airphnes.

E~ect of nmning on cal&a&m.-Table XV is a summary of data showing the average
effect at all speeds, of 150 hours running and vibration in revolutions per minute, and in per
cent for three types of airplane tachometers. The last oolumn shows the percentage of instru-
ments tested which had aver~ee effects exceeding 20 revolutions per minute.z The aver~~es
for the di.tlerentspeeds are given in Table XII.

LError eUowe~ by Air S@rvices@EcWcms. z E~~OWed by Ak &rvic9~141@ti-
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TABLE XV.
—

Typo.

I~lmnometric. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

il%g!!ty!::::::::::::::::::::::::::::::::::::::::

h_&n&r

&&.

s
as
1

Awrw dfeitd I&ohourd
~a.

i
l% Cemt.s

14mo-
Iutim+

mimrbe.

“r

“m 9#Klo

. 10
1%

It is seen that the performance of the centrifugal and magnetic types is very poor as regards
consistency of calibration with use.

Lug.-Table XVI shows the average difference in readings for all spccrls taken at the
same speed with decreasing and increasing speeds. The instruments were vibrated whila
being tested and had not previously been run. Table XII gives the complete data and also
data showing the average lag in the centrifugal type without the vibration.

TABLEXVI.
—— . . ... . ..-

AIelu~@ With vibMt&l.

rmnkr

Type.
of lmtW-

Inerrt% IW Pmt.
w?. :~{!$r

,. m %Klo
.—

centli@31.............................. * L2
Airvkvdty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 a k; L 1
Magnetic 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
EIWJIC1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .
Chronometrio2

, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . —.

I SmaIl; not obsemd quantltathely. ~See dimwfm.

At slow speeds the lag in the, air viscosity type is much greater than in the centrifugal.
However, if the speed be held constant after being raised or lowered the lag will practically
disappear in the air viscosity type wlile in the centrifugal type it will not. IIenw actually
the kg effect in the air viscosity type is less serious than in the centrifugal.

TWhg,—The centrifugal type is the only one tested which read differently for different
positions of its axis. Data showing the average change at all speeds in the reading at normal
or vertical position for two other positions are given in Table XVII and oompleta data for the
different speeds in Table XII.

TABLEXVII.
---.

AWXW effed of tilthg.

in rm~~i~ p& ‘ In per cant.

TYPI?.

Upskle down. CmWM.

:g! on sm.
@l 2@0 ml !?,4W

.-

Centrifugal. . . . . . . . . . . . . . . . . . . . . . . . . . . . .
.

Chronometric l . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...!!.. . . . ...3.. . . . . ...!.. . . ...?.... . . . . . . . . . . . ...!....

“ ~~%&&~i:::::::ll::::::::::::::::: :::::::::: :::::::;:: ::::::::::::::::::: :::::::::: :::::::::.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..+ . .. . . . . . . . . . . . . . . . . . . . . . . . . .

1NOefl&t ob?arved. I Not tested; boliewxl mrrell.

. . . .

-. .—-

I
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It is seen that in the centrifugal type the tiect of podion of the s& of” the instrument
with respect to the verticsl is by no means n@gible.

E~eci of air-pressure ch.ange.-The air ticosity type is the only one of those tested affected
by altitude change. Data taken at a barometric pressure corresponding to that at 16,000
feet altitude is given in Table XII.

It is seen that the average effect observed at any speed did not exceed 20 revolutions per
minute, the maximum ave~me percentage error be~m 1.0 per cent.

Dura&7ity.-Of the four types, cbronometric, centrifugal, magnetic, and air viscosity,
the centrifugal type gives the lwt performance as regards durability. The percentage of
breakdowns, complete or partial, so that readings cannot eady be taken is small However,
the reading may be considerably Werent from the true speed as is seen from the foregoing
discussion of the characteristics of the type.

About 20 per cent of the instruments of the cbronometric type broke down so as to neces-.
sitate repairs and replacement of parts. Also, in several cases, the escapement failed to start
unless the instrument was shaken. In use on a p~ane this wordd necessitate dismantbg.

Instruments of the mignetic type did not break down compIeteIy, but the pointer grad-
ualIy became more and more unsteady untiI flnalIy readings could not be taken.

The air viscosity type was not tested for endurance, but it is belie~ed that its behavior
under airphne conditions would be similtu to that of the maggetic type.

lTeig7u%.-The average weights for the diflerent types are given in Table XWII.

TABLE XVIII.

‘b-m wp%lg&tJ

JI Chronometric . ... . . . . . . . . . . . . . . . . . . LS
cmti~ ..............------------- 1

~ ~eti . . . . . . -------------------- :: t
Alrvkcufty . . . . . . . . . . . . . . . . . . . . . . . . . . L4 !

I Electra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .II 48 ‘

—

. .—

.—

..—..=

-.=+
-–.”:—.-<-.-?---

. .:

.: -=

- -——_, -

Attention is called to the relatively large weight of the eIectric type.

—.
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PART III.

THIXtMOMETERSFOR AIRCRA~ ENGINES.

BY E. F. MUELLER and R. M. ‘WILHELM.

SUMMARY.

This part describes the principal types ‘of distance-reading thermometers for aircraft engina~,
including an explanation of the physical principles involved in the functioning of the instruments
and the proper filling of the bulbs. Performance requirements and testing methods are then
given, concluding with a.discussion of the sources of error and results of tests.

INTRODUCTION.

The term “airplane thermometer “ is usually used to designate an instrument, which indi-
cates the temperature of the water or oiI at some point in the respective circulating systems of
these liquids in an aircraft engine. Therniometers may be used for experimental purposes, to
measure temperaturesexisting in various other regions about the engine or aircraft, but such
thermometers will not be discussed in this article.

Thermometers designed for use in the watm-cooling system have been used to measure the
temperature of the lubricating oil. The use of thermometer for this purpose is not general,
although oil thermometers were specified as part of the standard equipment of several types
of Americfm airplanes. The discussion which follows will apply more especially to instruments
used to measure the temperature of the circulating water.

The bulb of the tliermometer is_usua~ly placed in the tap of the radiator and for this
reason these instruments have sometimes been called “radiator” thermometers.

FUNCTIONS.

A temperature indicator for aertmautic engines may serve one or more of the following
purposes: To indicate engine trouble, possibly before any of the other instruments would shorn*
this; to assist in operating the engine at maximum efficiency; ta indicate whether the water is
at or near its boiling point, or the oil is at such a temperature that its lubricating properties
are impaired; to warn that the engine is becoming too cold to start up again after having been
cut off in gliding; to warn that the water is in danger of freezing or that the oil k too thick to
flow. The last condition may be encountered in cold climates when the engine is allowed to
stand idle for a sufficient period, or on long glides from high altitudes.

REQUIREMENTS.

The requirement for an airplane engine thermometer may be summarized as follows:
1. The indicator must be at a distance from the bulb. This precludes the use of the liquid

in glass or other nondistance-reading type of thermometer.
2. The thermometer must indicate temperatur-~ in the range 0° to 100° C. but since the

operating temperature of the waler in m airplane engine is in the neighborhood of 80° under
normal conditions, it is obvious that the instrument should be most reliable over this part of

/ 714
. .
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the scale. Readings in the neighborhood of 0° C. may also be of impo&nce since in long glides
or occasionally under other conditions the temperature o; the water may be reduced to such an
extent that the danger of freezing becomes sarious.

3. At high aItitude the instrument fl be subjected to external pressures much lower than
normal atmospheric, and the indications shoukl not be signticantly affected by such changes.

4. The gage and connecting tubing may be at various temperaturea, since bat part of tie
tubing passing close to the engine may be heated considerably abo-re the other parts of the
tubing and gage, while at high altitudes and in winter some parfk may be cooled much below
the temperature met with at lower aItitudes or in summer. The error from tti source ~otid be
reduced to rteg~lble proportions.

5. The instrument khould be light in construction and as smalI in size as is compatible
ivith strength and visibility. Furthermore, nonferrous materiaIs have been preferred.

POSSLBLETYPESOF THERMOMETERS.

The types and forms of distance reading thermometers amilable for practical use maybe
chissitled under two general heads; namely, electrical and pressure. A consideration of the
relati-re ad-rantages of these two general types led to the adoption in this country of the pres-
sure instrument for airplanes, on account of ~mallnees in size and weight, mggednesa of ins-
truction and immediate availability.

,.-.
This Iast factor was important since the pressure ther- , ‘“

mometers on the market could be easily adapted for airplane work, -ivhileit would have been
necessary to evolve practically a new type of electrical indicator to fu16~ the conditions imposed.

A type of electrical thermometer taken from captured German phmes consists essentially ~~
of a resistance thermometer connected t.o a small ohmmeter. and a battery. It indicates the
temperature only at the time when a push button switch is operated.

The advantage of tti type of instrument over the pressure thermometers are senEititity
to rapid changes in temperature, absence of erro~ due to clumge in atmospheric pressure, or,
change in temperature of connections. Howerer, its greater complexity, costliness, weight,
and inconvenience in that the pilot must operate the push button to obserre the reading, offset
the advantages above enumerated.

PRESSURE THERMOMETERS.

Pressure thermometm compriee a bulb containing a liquid or gas or both, and connected
by means of capillary tubing, to some form of pressure gage.

The pressure thermometers which have been used up to the present time in this country - -
on airplanes are either of the vapor pressure type, tith a free surface of tie liq~d ~ the b~bt
or the liquid ~ed type, with the Iiquid completely fiNing the thermometer.

Two distinct types of gages have slso been used, one employing an ordina~y Bourdon tube
with sector and pinion multiplying mechank~ the other, a long Bourdon tube of many turns

, wbieh is connected through a bimetallic temperature compem=ator to the pointer.
Either type of gage could be used for either of &we two types of pressme thermometers.

The ordimuy Bourdon gage, however, has been used up to the present time only for vapor
pressure instrument+ while the multiple turn Bourdon tube has been used for the Iiquid filled
instruments.

The photograph, figure 1, shows a liquid filled thermometer (A), and two types of vapor
pressure thermometer (B and C) used on berican airplanes. Interior views of the bulbs and”
gages of these inshmment.sare also shown. .

PRINCIPLES UNDERLYING ACTION OF VAPOR PEESSUEE TELSEMOMETESS.

The action of the vapor pressure thermometer depends upon the fact that the pr=ure
inside the thermometer is deterrnhd soIely by the temperature of the free surface of the liquid.
It foIlovm that the thermometer must be sa constructed that one free surface is always in the
bulb. If this condition is fuliilled the readings of the inatmrnent will got be sensibly aflected
by changes in the temperature of the gage and capilhmy. It must be remembered, however,

.-
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that the liquid will always accumulate in the cooler parts if possible, ~.e., if these pm ts are no~
already filled with liquid (or with noncondemsiblegas). The two extreme cases to be considered,
therefore: are: (1) The bulb is the hottest part .of the system. (2) The bulb is the coldest ptwt
gf the system. Tha former is the more important and more usual condition. Lcsuming that
~he thermometer contains no noncondemible g~=, the gage and capillmy will W with liquirl
and there must still be liquid in the bulb if the thermometer is to indicate.properly. It foliows
that the volume of liquid must be greater thun that of the gage,and capillary combined, An intcr-

. . . .—— - . -- ...-— —
.“ A“ n c

Fm. l.—Typea of thonnomotem. B. Methyl&lorIde ~a~premure thormcmcter.
A. Liqtrld filled thermometer with long Bcmrdon tube. C. Ether vapm-pmsura thermometer with wdinerg Bourdon gage.

eatingvariationof thiscaseisthatin which the volume ofliquidisbarelysufilcientwhen Qace.

and capillary are at room temperature, but when these me cooled, tho liq~id in thcm contracts,
.-

so that all the liquid in the system is insufficient to fill the gfige and capillary as shown in figuro
2 (a). The thermometer under such conditions indicates properly when the parts other than ihe
bulb are at room temperature but fails when these are cooled, TIM Eecond condition, in which
the bulb is ~oldest, may occur occaeionsly. In this case, the lic~uidgoes to the bulb, but if the
volume of liquid is more than sufficient to 611the bulb, the free surface will be in the copillfirmy
and the thermometer will fail to indicate properly as shown in figure 2 (b). A less extreme caFc
is that in which the capillary or a part of the
capillary alone is heated to a higher temperature
than either bulb or gage. In this case the liquid
wiIl be driven out of the heated parts of the cayil-
lary, A thermometer containing more than enough
liquid to fill the bulb will fail on the simplest teat,
nfimely, it will indicate the temperature of either
the capillary or the gage when the bulb is put in ice.
It is evident, from the above, that thevolume of the
l@M 8hould behwj?tient tofl the bulb at any tem-
percdure. From the abo~e two conditions in regard
to amount of liquid required it can be seen that tfie
combined volumes of il.e capillay and gage must be FIO. Z—DefectIre wpor proemro Urerrrromctc[s.
less than that of the bulb. It is evident that if a
relatively small bulb is required the capillary must be very fine in order that the Iast-namwl
condition may be fulfilled.

The problem of obtaining proper volume relations may be simplified by tho uso of a trtins-
mitting liquid in the tubing and gage. Such a liquid must have a h~h boiling point, low freezing
point, be noncorrosive, and must neither react with nor mix with tho volatilo liquid. If such
a liquid is used to N the gage and capillary, the effective vohrme of these is rcduocd to prac-
ticalityzero, and the neceswy volume of the bulb and of the volatiIe liquid are greatly reduced.
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The transmitting liquid type of thermometer has not come into use in this country, aIthough
some experimental instruments have been @“tie and submitted for test. The transmitting
liquid was a mixture of glycerin and water, the volatile liquid being methyl chloride.

Either ethyl ether or methyl chloride is “used as the volatiIe liquid in the majority of the
vapor pressure thermometer= in use at the present time on American airphmes. A brief con-
sideration of some of the Iiquids that could be used may be of interest-

The following table gives the properties of some of the liquids which could be considered
for use in a vapor pressure thermometer for an airplane engine, and also the number of degrees
centigrade that a thermometer ushg such a Iiquid wouId read high at an altitude of approxi-
mately 19,000 feet (one-haIf atmospheric pr~ure):

Errorat19c03feA~
SItltdo.

B- valyt’as-
hquid. *L m“ 0.

F

B%=- Bit~-

V c. m=c.

d[nw-
&iJo&Jv;):.:.:--:-. .. . .. “7& ‘;? $y-. . .. .........
S&b&~we~d% . . . . . . . . . . . .._. ~ L3

. . . . . . . . . ..- . . . . . . . E 8? :
Methyichloride . . . . . . . . . . . . . . . . –24 xl. T

–s8. 4
&5 .“-.

. . . . .. —..- . . . . . . . . . . 61 26

~I&ssth9nl”c.

The volatiIeIiqtid used must be stiible, readiIy obtained and purhled,must not act on the
met.aIswith which it will be in contact, must have a su.fliciently low freezing point, and its
criticaltemperature must be above 100° C. The table showa that tie effects of variations in
external atmospheric pressure occurriqg at dillerenttaHitudes cause smaller variatiofi in the
indications of thermometers filled with liquids having lower boiling points, and consequently
higher vapor p~e.s ti the working temperature range. The l@h-presiure gag= USedWith
these Iiquids are aIso more robust than the low-pressure =USS wouId be. lfethyl cldoride,
methyl ether,and sulphur dioxide fulfill the requirements.as regmds physical properties. How-
ever,on account of availability and ease in handhg the Iiquicl, ethyl ether f311edthermometers
were the only thermometers of the vapor pressure type produced in quantity up to near the
termination of the recent war. \

PRINCIPLES l.iX~EEZLYING ACTION OF LIQUIO—FILLED THEEMo.1’mrERs.

The liquid-fled thermometare utibze the thermal expansion of a Iiquid. The increase of
pressure with temperature is n&rly Linear in the mmge 0° to 100° C. for the liquids used.
Alcohol has been used in these instruments, which me made to hatie an internalpressure at 0°

of about 100 pounds per square inch, the presmmeincreasing tu 700 or S00 pounds at 100° C.
!llis large pressure range requires the use of a rugged gage mech+m and makes the indica-
tions of the instrument practically independent of the variations of atmospheric pressure with
altitude. Since changes in the temperature of the gagg and capillary tubing aflect the internal
pressure, some form of compensator must be used if these parts contain sficient volume to
make the error from this source appreciabh, ~ce hey me subjected to co~demble C@eS
of temperature in use.

A bimetallic compensating helical coil h= been emp~oyed. This coil ia connected at one
end to the pointer spindle and at the other end to the Bwrdon tube. It may be designed to
compensate for changes in the temperature of the gage alone or of the gage and capilhry
together. This compensator can not ehminate errora due to changes in the temperature of
the capillary alone. It is therefore necessary that the volume of the bulb be large relative to
the volume of the capihry.
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CHOICE OF TYPE.

Since the vapor pressure of a liquid does not change linearly with changes in te,mpcrature
but increases much more rapidly at higher temperatures, vapor-pressure thermometers have a
very open scale in the upper part of the temperature range and a relatively co~tracted scale in
the lower part of the range. If the upper part of the range is the most important this is an
advantage, but there is a corresponding disadvantage if readings in the lower part of the scale
are of importance. The liquid-filled type has an equally divided scak.

It has been previously pointed out that vapor-pressure thermometers are subject to error
if used at high altitudes and that this error is greater the lower the vapor pressure of the liquid
used and the lower on the scale the readings are taken, This error for liquid-filled thermometers
may be redueed to almost negligible proportions, and is the same regardless of the part of the
scale on which the reading is taken.

It may therefore be said that if it is important that the thermometer shall give accurate
indications at lower temperatures, the liquid-filled type is to be preferred.

When eorrecfly iilled the readings of the vapor-pressure thermometers are sensibly inde-
pendent of the temperature of the gage anfl capillary. The liquid-filled thermometer is subject
to error if the temperature of the gage and capillary differs from that at which it was calibrated,
This error may in some cases be eliminated by employing a compensator as previously men-
tioned, but in general it may be said that if the most importunt consideration were that the
indications of the thermometer should be independent of the temperature of the capillary,
then the vapor-pressure type should be chosen.

SPECIFICATIONSFOR AND TE9TING OF AIRPLANE THERMOMETERS.

The discussion of airplane thermometers which has been given is bused on datw obtained
M the result of a considerable amount of investigation extending over about a year and a half,
during which time many tests were made for the military branches of tho Government and
specifications written in cooperation with the War Department,

These specifications, which were revised from time to time, include, apart from the actual
details of construction, a series of tests which were devised for the purposo of inspection,

Them tests included primarily determinations of (a) the scale errors at various tempera-
tures under ordinary laboratory conditions, (b) the error that would be introduced if the tubing
or gage either tugether or separately “ware heated or cooled to temperatures corresponding to
those that might be encountered under actual conditions of use, and (c) the error caused by the “
reduction of the external pressure on the gage, the condition met with at high altitudes.

Other special tests were made from t@e to time “including vibration tests to ascertain
the comparative effect of vibration on different instruments, tests to dekymine the mechanical
hysteresis due to poor gage meohanism, the lag ~ the reading when the temperature was
changed quickly, teste to. determine whether the indications changed with time or in ship-
ment, and chemical analyses of the liquids taken from the instruments.

APPARATUS USEO IN TS9TS.

Very little special apparatus was required for the~c t+sts, since ~he thorruouetry laboratory
was already equipped for similar work.

A well-stirred water bath, heated by a“bunsen humer, served, with the aid of a standard
thermometer, for the determination of the scale errors, the mechanical hysteresis in readings
due to faulty gage mechanism, and the lag of the readings.

For cooling the tubing and gage, use was made of a low temperature bath cooled by the
expansion of carbon dioxide.

For detaining the error caused by the reduc& of the ex”ternaIpressure on the gago an
ordinary vacuum desiccator evacuated to the required extent was used. The pressures were
read on a mercury manomder,

.
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13BCLTS OF T=TS.

k a resultof the testing,the folIowingconclusionshave been reached in regard to the
accuracy of the instruments examined and the magnitude of the errors that maybe expected
under various conditions:

In general it was found that wall-made instruments of either the ether vapor-prwure or
the liquid-~ed types ivould indicate the. temperature of the bulb to within an accuracy of
from 1° to 3° C. under ordinary laboratory conditions.

Although methyl chloride and methyl ether vapor-pressure thermometers were produced
in quantity toward the end of the war, onIy a small number were received at the Bureau of
Standards for test and some of these were experimental ins~ents. The results of tests
showed that it was possible to construct methyl cldoride or methyl ether thermometers posses-
sing an accuracy comparable with that of the Iiquid~ed types, but in general the readings,
especially in the neighborhood of 0° C., were 1sssrelia~le in the vapor-pressure thermometers.

hfechanical hyster&s errors can be attributed to backlash and friction in the moving parts
of the gage mechanism. The advantages of the directIy conneoted gage as used on the Iiquid-
filIed thermometer over that of the sector and pinion type, especially if the latter is poorly
constructed, was very cleady demonstrated.

. The readings of the vapor-pressure type of instrument are theoretically independent of
the temperature of the gage and cepiIlary tubing. The hea@g and coohng tests previous~y

I t I I I I I I I I I t I
~ .5&de errors wmkrtidxycmdifkuts.

+ Reaahqs iWef7 #fh f~ rkkq.

-cure -T
FIG.8..Psult9 oftesiaofethavapar-presurethennametera

mentioned were therefore intended as checks on the_ of the instruments, i. e., to determine
whether the proper amount of liquid was contained with reference to the vohune of the various
parts. AIthough some of the first thermometers submitted m samples were found not to be
properly fled, this defect did not appear in the thermometers furnished under the specifications.

The liquid-tilled thermometer is subject to error when the capillary is heated separately
from the gage. For lengths up to 1.2feet it w% found that the capillaries could be made small
enough in diameter to permit moderate heating or cooIing without introducing excessive error.
For longer capibriea the ~or due to this cause waa appreciable, as, for example, a 23-foot
tube cooled to – 9“ C., introduced an error of about 9° C. in the readir@ It has been pre-
viously stated that a compensator is employed on the liquid-filled thermometers to alIow for
the expansion or contraction of the liquid in the gage. This compensator may also be sc
designed as to tiow for the expansion and contraction of the liquid in the tubing provided
both gage and tubing are heated and cooled at the same time and the same amount. Tests
of instruments so designed indicated, that it was possible to compensate very accurately for
these temperature changes.

The errors caused by decreasing the external pressure on the gage of airplane thermometers
depend on the pressure range of the instruments.

The liquid-611ed instruments if properly designed,@ be practically free from error from
this source, since the pressure rangg can be varied at wilI. Tests of the instruments of the type
submitted showed that the error had beefi reduced to within 10 C. by the use of a suitable gage
and sufficient pressure range. .
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The theoretiml errora due to change in external pressure on the gage of vapor pressure
instruments have been previously indicated. The errors actually found agreed very closely .
with those predicted.

Impurities in the liquids used in vapor pressure thermometers may clog up tho capilkry
tubing aud render the instruments inoperative. A number of methyl chloride and methyl ‘
ether thermometers were found defective from this source, Di.81cultyin securing pure methyl
chloride or methyl ether in sufficient quantities interfered with the manufacture of satisfactory
instruments of this type.

Figures 3, 4, and 5 show ch&acteriatic calibration curves obtained from observations
taken for ether vapor pressure, methyl chloride vapor pressure, and liquid-filled thermomet&s.

I I I i I 1 I ! r I I I I
. Swfe errors urder Iobcb-oforycaxii fions.
+ Reudtis kx%m wifh f~ m rikho.

Zmperufure -V

FIG.4, Rmolta of tests of methyl ohfortdeYapo+pressure thermometer. Fm s.-llesultn of tesfs ofIIqufdfled ihermomctern.

The charts also indicate the magnitude of the error due to reducing the external pressure on “
the vapor pressure thermometers and ta either heating or cooling the capillary of a liquid-
filled instrument.

Vibration tests made in the laboratory failed to indicate the superiority of one instrument
over the other from the standpoint of ability to withstand hard usage,

Other reasons for failure of the instruments subniitted were loose pointara and the breaking
of the capillaries. These are frequent causes of failure of the instruments in the field.

It is unfortunate that very little data could be obtained in regard to the behavior of the
instruments under actual conditions of use, although it is understood that those passing the
tests proved satisfactory.

4
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PART IV.

AIR PRESSUREAND OIL PRESSUREGAGES.

BY H. N. EATOK.

SUMMARY.

,
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This part discussesbrieflythe use of airand oilpressuregages on aircraft, and describes
the construction of various knerican, British, and German ga=w. Iilethods of testing these

---—
., . ..-

insd.rumentsat the lhited States Bureau of Standards are described and sampIe reports are .
given.

DESCRIPTION OF AIRCRAI?I! PRESSURE GAGES.
-.

Air and oiI pressure gages m used on aircraft to messure the pressure of theair in the
gasoline tank and the pressure in the oil system of the engine. The importance of keeping -..—-
the air pressure in the gasoline tank at the proper
value is obvious when it is remembered that it is
this prassure which forces the gasoline to the car-
buretor. The usuil pressure is about 3 pounds per
square inch, although a value_as great as 5 pounds
per square iuchmay sometimes be reached. A sde-
ty wdve is used to prevent the pressurefrom increas-
ing beyond this Limit. Since the Iife of the engine
depends upon its recei~ a sticient supply of
oil, the gage @ich indicates” the oil presure is
also of very great importance. It shows not only
whether the pressure is maintained within the
proper range but also any stoppage which may
prevent the flow of oil.

The pressure gages just mentioned are of the
Botidon tube type in the great majority of cases.
A Bourdon tube is constructed by flatteninga

circulartube, bending the flattened tube Iongi-
t.udirdy to the arc of a circle, and sealng the ends.
(See &. 1.) Now if the pressure is introduced into

A-

the tu%e, the cross”sec&m tends to increase in area

BCJU-U’07 —
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Secfim A-B

Em. L—Fmsmuem.

and this chamre in cross section tends .-

to str&Uhten the tube longitudinally. When a Bourdon tube is”used in au instrument,

one end ismounted rigidlyto the case while the other end isleftfreeto deflectand operate

the mechanism. Bourdon tubes possess,the advantage that the deflection produced is cIosely
proportional to the pressure applied, butt they ha-m very littie power when utilized as pres-
sure indicators and so me not adapted to use in instruments where the pressure element
is ctied upon to czmrt m appreciab~e force. To change the range of pr-ure for which the
gage is adapted, it is simply necessary to use a Bourdon tube of different stifbss.

Figure 2 shows a group of hericanl Briti.@ and German pr~ure gages. AU of these
gages are of the Bourdon tube type except thePrerauer and Scholz gage, figge 2(F), whioh has
a corrugated diaphragm element.

‘m167—~6 721
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Figure 2(A) shows an American oil-pressure gage whose construction is typical of that
used in American aircraft oil and air pressure gages. This g~ge kof the concentric type; that
$, the axis of rotation of the hand is at the center of the dial. A number of American &
plane pressure gages have been built with the hand eccentric with respect to the dial, but tho
mechanism is not materially different from that shown in figure 2(A).

The pressure is applied to the inside of the Bou”don tube through a screw connection under
the main casting. The. free end of the tube deflects as indicated in figure 1, thus operating
the rack through a connecting link. The rack in tprn operates the pointer pinion on which
the pointer is mounted. A hairspring is attached to the ahaft carrying the pointer pinion so as
to eliminate the effect of backlash. The.B.ourdon tube is usurdlymade of Seamles drawn bronze,

—— F
FIO.2.

‘~he graduations on the dial of this particular instkurnentare not luminous, bub it is customary

to hive the pointe~ and the principal graduations arid figures Eniahed with luminous pahl.
A British air-pressuregage is shown in figure 2(B). In this ir@~mcnt the Jlandis mountd

eccentrically with respect to the dial. Owing to the small angular motion required of tho
pointer, the rack ad pinion are replaced by a linkage which is simpler to construct and will
give practically a uniform scale. St+ps are arranged for the zero position and for preventing t.hc
Bourdon tube from deflec~ingso far as to overstrain the metal in case of an accidental application
of overpressure. The tube is made of seamlew phosphor bronze. tubing. Neither tho poinkr
nor the graduations on the dial are 1uminous. A cmspicuous red line is printed at the point
of the scale corrwponding to 2.5 pounds per square inch indicating tho proper pressure to be
maintained.



Figure 2(C) shows a
inch. A rack and pinion
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British oiI-pressure gage with & range of O to 60 pounda per square
areused to-tranemi-jhe motion of &e freeend of-theBo&don-tube —

to the pointer. h’; hairspring is used to diminate backlash, but instead the teeth are made
V shaped, so that there is pract.i@Iy no lost motion between the rack and the pinion. No
stop is provided to prevent the Bohrdon tube from being deflected too far. The specifications,
however, require t.bisgage to sustain a total pressure of 180 @nda per square inch without
damage; consequently the stop is hardly needed.

Figure 2(D) shows a Benz air-pressure gage of German manufacture having a ramge of
from O to 5 pounds per square inch Here, as in the British air-pressure gage, only a smaU
anguIar motion of the pointer is utilized, and a linkage is used to transmit the motion of the
free end of the Bourdon to the pointer.

A German oil-pr~e gage is shown in figure 2(E). The instrument has a range of from
O to 4 kiIograms per square centimeter (approximately O to 57 pounds per square inch). A
rack and pinion are used and a hairspring eliminates backlash in the mwhamsm.

.
A stop

curved to fit the outer surface of the Bourdon tube is mounted on the &se. II the Bourdon
tube is subjected to overpressure, it comes in contactwith thisstop for a considerable portion .
ofitskm@h and so owxstrain of the mehd comprising the thinwallsof the tube is prevented.

Figure 2(F) shows a German air-pressure gage of the diaphragyntype. As the diaphragm

deflectsitraiws with it a helicaIsurfaceshown above the diaphragm in the &tire. The pointer
-.,-

is mounted on a shaftwhich carriesan arm with a smallwheeI to provide roJIing contact with
the heLicalsmface. Consequently, as the surfacerisesitrotates the arm and the pointer shaft.

~ hairspring takes up bacldash. Qwing to the fact that the relation between the applied
pressure and the deflection of the diaphragm isnot linear, thisinstrument has a smde whose

graduations are far froti uniform.

TESTS OF AIRCRAFT PRESSURE GAGES.

The teststo which airplane pressure gages are subjectwlme designed to bring out clearly

any characteristics of an instrument which -wouldmake itunsuitablefor use under the condi-

tionspectiiar to aeronautics. In particular, the gages must work satisfactorily under severe .

vibration and at low temperatures. The tests“sDec&d areas follows:
.

1.

2.

3.
4.
5.
6.

—

—.

.-

.-—. ..

—.-

(ldibration.“
.

Wbration.

Temperature.

Friction.

Endurance.

Interchangeability.

When the gages are received they are calibrated at room temperature in order that their

scaleerrorsunder normal laboratory conditionsmay be ascertained. The ak-pressure ~mes
are calibrated directlyagainsta mercury column, sincethe range of the instruments (USUalIY

O to 10 pounds per square inch) isauflicientlysmall to permit the use of thismethod. &r

pressure is appIied sufficientto deflectthe pointer to the 2-pound divisionwhile the instrument

is tapped, and the truepr-ure is read on the manometer which is graduated in pounds per
square inch. This process is repeated forsucctive 2-pound intervals ovar the scale, tlrst with
increasingpressure, then immediately afterwardswith decreasingpressure. The differencein

the manometer readings with increasing and with decreasingpressure is a measure of tie

ehwtichysteresisof the instrument @ backhsh and friction tie eliminated).
Since oil-pr=ure gages have a much gre~terrange than the airgages,usualIyfrom Oto 120

pounda per square inch, it is not tmrmgient to use a mercury column as the standard for mess-

suringthe pressures. Ih&ead a dead weight oilgage tester is used. This t~ter consists ofa
verticalcylinderinwbjch a piston of Imown cross-sectional area floats on oH. An oiI-iiUedtube
connects this cylinder with the gage under test. ‘iVeights can be placed upon the piston, and
since the cress-aectiomd area of the latter k known, the pressure thus set up in the oil system is

-—

>- —

-.

.—

L.
—,.-



724 REPORT NATIONAL ADVISORY 00M~ FOE AERONAUTICS.

alsoknown forany givenweight. For purposesof t@ing, the weightsaredesignedh alterthe

oilpressureas they are appliedby successiveincrementsof 5,10,or 20 pounds per squareinch.

The calibrationof the oilgagesiacarriedout justas describedforthe airgagw. Readings

are taken forpressurechanges of 20 pounds per square inch over the range of the instrument

with both increasingand decreasingpressure. “-”

WERATION TEST.

This test is made to determine the effect of prolonged vibration upon the instrument, such
as may occur under flight conditions. The result may be simply to change the calibration of the
instrument alightiy or to loosen parts of the mechanism.

Aftar the calibration test just dwcribed has be~ completed, the gages are fastaued rigidly

to a vibratingstand and for fivehours are subjectedto vibrationsimilarto that oxperienccd

in actual service. At the end of this time they are recalibrated. A comparison of the two cali-
brations, one before, the other after, vibration, serves to determine any change producod by
this treatment, and a brief =amination of tie fi~mt SUfiC* to detccfi~Y 100HW W~IiCh
may have been produced in the mechanism.

TEMPERATURE ~T.

The effect of temperature changes upon the calibration of each type of gage is detarmincd
by tests at approximately – 10° C ad + 40° C. I?m this purpose the gages are mounted in a
chamber in which the temperature can be varied aver the necessary range. The air in the
chamber is brought to the desired temperature aml maintained at, that point until the gages
have acquired the temperature of the air. The calibration is then mnde in a msmner similar
to that already described.

FRICTION TEST.

Pressure is applied sufficient to deflect the pointer over a small portion of its range and a
reading is taken without tapping the instrument. ~e instrument is then tapped and a second
reading is taken while the pressuri is held constant. The ditlerence in the two readings is a
measure of the friction at this point of the scale. The process is repeated at several other
points of the scale. The average change in reading due to tappbg tie instrument is tnkcn as
the friction error. Friction is rarely serious in prwsure gages, as the vibration of the airplane
teds to eliminate itseffect.Instruments are rarely rejected because of friction unless there
is some defect of the mechmism which CWW .~e po~ter to stick~d move ~ a jerkymanner

when the pressure.is varied uniformly.
ENDURANCE TESTS.

Three distinct endurance task am given airplane pressure gages at the Bureau of Standards:
(a) A drijt test to determine the tied of prolonged application of pre.mure.
(b) A iwasoniw test ta determine the effect of repeated applications of pressure.
(c) b overprewaw te9t..

(a) Zh-ijt.-The increase in reading of & instrument when subjected to a given pressure for
a prolonged period is called its ‘{drift’? or “creep.’) This effect ia due to the yielding under
stress of the rnet~. which tidies up”the pressure elemeni--- The gage is subjected for five houns
to sufficient pressure to produce approximately one-half of full scale deflection. A reading is
taken when the pressure is first appIied and another at the end of the five-hour interval. The
difference in the two readings is taken as the drift.

(b) 5’easoniW.-A calibration is given immediately after 200 npplications of pressure
sufficient to produce full-scale deflection have been given the gage. A comparison of this
calibration with the room temperature calibration following the five-hour vibration of tho
instrument shows the dect of repetition of pressure.

(c) Overpreasure.—In order to test the ability of the gages to withstand the occasional
accidental axcess pressures which may be given them, both types of gage are subjected to a
momentary overpressure. Aftar the. application of this overprcssure, the gages are rested for

.—
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a few minutes so that the worst of the temporary ehstic e&cti caused by the overpressure may
&appear;-then a final calibration ia given. Site the overpressure often causes a permanent
change in the calibration of the gage, this final cahbraticn ahouId be taken as characteristic of
the instrument at the conclusion of the tests. Ii the overpressure test a pressure of 25 pounds
per square inch is applied to air gagp of 10-pound range, whiIe a pressure of 180 pounds per
square inch is applied to oil gages of 120-pound range.

It is desirable to rest the instruments for several hours between each two consecutive tests
in order ta tiord time for the disappearance of the te.mpormy elastic effects produced by ti
lest test.

INIEI!C!HA~GEABI_TSST. “

Since both &a air and oil pressure gages used by the Air Service “me of the same size and
general construction, certain parta can be made standard for alI. Consequently it is required
that cases, connections, bezels, and cover glasses shall be interchangeable. On this account
the dimensions of such parts am checked at the conclusion of the performance tssts of the
instruments.

TOLEE.LNC&FOR AIRCRAFTPRESSUREGAGES.

The followingtable summarizes the tolerances specified for aircraft oil and air pressure
gages used by the IJnited States Air Service. The vahms are in pounds per square inch.

Table of tdemncesfor aimqft pnsasuregages.

1

‘“” !+!?S*
~Pw&pm !

; Mr.. -----------------

11
..----...-.------..-i-;g ~;~ J :: y:#..”-: oiI.?: . . . . ..._-......l

I 1

The followingare typicalreports for two bm.rican pressure gages, one air and one oiI.

REPORT ON AIR PRESSURE GAGE, SERIAL NO. 150.

Rangeof “Ulakluumlt, o h 10pound9psr Squara kll,

The results of the tests applied to this instrument foIlosv. Corrections are in pounda per
square inoh and me h be added algebraically to the instrwnent reading. t

I C!b.mgehrmdIugduat* lAvarage.1

t

I

/
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REPORT ON OIL PRESSURE GAGE, SERIAl NO. 157.

Rangeof instrument,O to120pouncleper aquare,inch.

The results of tests applied to this instrument are as follows:
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PART V.

GASOLINE DEPTH GAGES AND FLOWM13TERS

BY ~OEN A. C. ‘iVmmim

GASOLNE DEPTH GAGES.

FOR AIRCRAFT.

The development of a satisfactory gage for indicating the depth of fueI in the reservoira of
aircraft has received much attention from instrument designers both in A&rim and in foreign
countries. As yet, however, their efforts have not met with unqualified success owing to the
nnfavorable conditions under which th- instruments function.

Such an instrument must be so designed as to be compact in form, light in weight, essdy
attached to the tank and removed therefrom, and so mounted x to be accewible to the piIot.
Furthermore, it is desirable that the instrument be easily adaptable to ttmks of different depths,
and that the system allow for mounting the indicating gage at a distance from the tank; this
latter feature is necessary in cases where the reservoir is at some &stance from the pflot. The
ideal instrument shouId be as simple as is consistent with good operation characteristics; it should
have as few working parts as possibIe, and should funct~on properly under the varying condi-
tions of vibration, temperature, pr=ure, etc., which are encountered in service.

It is the object of this paper to consider the principal types now in use, to make a geneml
summary of the advantages and disadvant~ of each type, and to outline the methods em-
ployed in their testing and calibration. ,

FLOAT~=

SeVeral of the most common and most satisfactory gages incorporate thb float principle
in their construction (see figs. 1 md 2). k general, this type has the advantage of SirnpIicity
of construction and operation, w~e its great=ti disadvantages are found in the tendency of
moving parts to stick, and in the structural diflicd”tiw which ordinarily mult in a more or 1sss
cumbersome arrangement not easily adapted to satisfactory installation on aircraft. h spiti
of the disadvantages, however, the instruments of the float type present’ a promisii basis for
the future development of depth gages.

Fliat-andm”nging-rod tjqe. —Figures 1 (A) and 2 (A) show assemblea and disassembled a
gage which combines the float with a swinging rod and suitable indicating head to show the fuel
depth. Three vertical stationary rods extend from the base of the indicating head to. a stay-
plate to which they are rigidly attached at their lower extremities near the bottom of the tank.
A fourth rod with a rigid angkmru at either end is free to swing about a center pin mountsd on

the stay-pIateand fittingIooseIythough a holein the extremityof the”lowerangle+rzn. ll%e

upper angle-armisattachedat thelower extremityof a verticalindicatorspirde extendingup-

ward through a protectivehousi@ to theindicatinghead.

The two @lves of the splitcylindricalshellackedcork float,seen in itslowest positionin

&we 1 U), areheld apartby an aluminum spacerso as to admit one of thestationaryvertical

rods at one sideof the slottedopening,and theswingingrod at the other. These rods areheld

ina definitepositionrelativato thefloatby smallguiderollerswhich&o protidea bearingwith .

littlefrictionas the floatrisesand falIswith changes in gasolineleveI. The floatand rods are

m
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so dwigried and mounted that the free rod is caused.=toswing in a definite path as the float
changes its position. This motion is tmmsmitted through the upper angle-arm to tie jndicatm
spindle above mentioned.

At the upper &d of this spindle is a toothed sector, figure 2 (A), which engages a pinion
mounted upon the vertical center axle of a cylindrical rotating scale, the divisions of which arc
marked upon the curved surface of the cylinder. A cylindrical glass ring with a diamctor
slightly larger than that of the rotating scale surrounds the latter and provides an observation
window at one side where &section of the -ir@ctttor kmueingis.cut away.

Inasmuch as this instrument is adapted tOuse on tanks under pressure it is necessary that
the glass r@ be mounted upon a gaske~}vtich rests upon the inner base surfaco of the indicator
housing. A screw top, also provided with a cork gasket resting upon the upper surfwe of tho
glass, covers the indicator and makes it air-tight. h-air-tight connection is lilmriso .madc at tho

FIG.l.—l%it Type GaeollnaDepth Gages-A?wIWM.

joint ~tween tank and gage by means $f a
fitting mounted on the tmk and t.hreadcdto
accommodate a ring-clamp, shown in the
illustration. il cork gasket serves LOmako
the jointfreefrom leaks,

This typo of gage generallyoperatesin

a reasonablysathfactorymanner when pTop-

erlymounted and handled, and is widely

used. Hovre-rer,inasmuch as a very small

component ofthe buoyant forceof thefloat

is effectivelyused in criusingthe rod to

sw@ thereisgreat pmsibilityof sticking,

with resultingincorrectindications, ‘rhis
type also has the disadvantage of being

mom or less cumbersome and not well

adapted to distantindication.

FZoat twisted-strip gage..–An older Lypo
of g~~e &m the one described above is
shown assembled and disassembled by figures
1 (13)and 2 (B). The hollow mcLal float is
seen at its extreme lower position. Two —

vertical guide rods extending from indica-
tor base to stay,pltitc at tho bottom of tho
tank restrict the float motion to a vertical
path as the float-guide pulleys rest upon Lho

rods. A spirnl twisted metal strip passes
through a slotted opening through t$a cen-
ter of the float so that as tho laUer moves
along its vertical path, the twisted strip is

cause-dto turn like a loose fitting screw of very long pi~ch in the corresponding nut.
The rotation of the strip which extends upward into the indicator housing is there t.rtms-

mitted through a pair of bev-d gears to the indicating potitcr. The cover-glass is held in pl~co
by a bezel ring. Thik joint is made air-tight by means of a cork gasket.

The advantages and disadvantages of this g&& are practically the samo as those of the
swinging-rod instrument. The frictional difllculties are usually greater in this type.

Float-and+wer “gage.—The float-and-lever type “of gage M illustrated assembled and dis-
assembled by figures 1 (C) and 2 (C) is little used on hnerican ahplanes. However, it deserves
a brief dawziption.

The float composed of balsa wood is attached at the end of a wire lever which extends
directly to the gage head, where it is bent at right apgle to pass through a br~s sleeve which - ,”
sinews into the back of the caae. The indicating dev%e with whioh this instrument is equipped
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isone of the simplest. As is clearly shown in jigure ? @) the floatlevercarriesa ma=guetized

steelbar at theindicatorend. This bar rotates with cha&es of float position and acts magneli-
oally upon the steel pointer through a thin air-tight separating walI cast integral with the case.
The scale of the instrument shown is graduated to give indications of&e last 20 galIom in the
tank only. The pointer is oentered on the dial by means of a pivot point centrally mounted
thereon. A wrrer-glass held by a bezel ~- covers the gage.

It is seen that this type of indicator has the. advantage of simplicity, and beamse of the
absence of the nec~ari[y air-tight joint usually found between ghss and case is freer from th~
possibility of lea~~e. The case is threaded so as to be eady mounted upon a brass tank-
fitting shown in the ~ustration. This gage has the disadvantage of be&U adapted to compma-
tively few installations and does not lend itsdf yeII to the requirements of distant indication.

~hxzt-and-cordgage.—Otie of the simpkst float gages is that which consists of a cork orsheet
metal float,usuallyin the form of ~ W-and-water-tight cylindricalor sphericalchamber, oon-

nectedtoan indicatorby means of~ ~~ht braidedsilkcordinsuch a manner astogiveindications
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of the depth of fuel ‘in the tank. Figures I (D) qnd 2 CD)illustrate an instrumen~ of this type
reoently designed by the Engineering Diti~on, United States Air Seryice.

—=

The cylindrical brass float hm a ditieter of 134 meter% a depth of 93 milhnetem, tind-
.-

weighs approximately 600 grams. Ti%en installed on the tank this float is restricted in its
motion to a vertical path by means of a fied sheet met~ tube, of ~&meter sl.&htlygreat+r than
that of the float, and reaching from the top of the tad to a pobt nem the bottom. A braided
silk cord connects the ffoat with the kdicator gage, ti the ales@ is such that the gage maybe
mounted at a distmce from the t~. h thisme the cord pSSSeSthrough a tube of s-mall
diameter with suitable rolkr fittings at the bends.

.4t the point of entrance into the. case of fie g%e the mrd passes over a roller and
.

thence to the main pulley member, upon ~~ch it is mo~d by the action of a coik.d flat
metal spring. The motion of this pulley is transmitted to the magnetized pointer bar (see
ihstration) through a trti of gears which are biterchangeable so as to make the gage readily
adaptable to tanks of different depths. The tit set of gears provides a pointer movement of
33OOfor a 50-inch change in fiat level, while the se~nd comb~ation giv= a pointer movemmt .-.
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of 120° for a 10-inch change of lev-el. The pointer & acted upon magnet.idy through the dial
plate by the .ma=metizedpointer bar mentioned abovs and moves over the scale marked upon
the dial plate as the pointer bar changes its angular position. The case is covered by a glass
hold in place by a suitable bezel ring, making a tight joint with the case,

A fled-and-cord gageof German manufacture k pictured in figures 1 (E) and 2 (E). Tho
cylindrical metal float member has a diameter of 67 millimeters, a depth of 44 millimetera, and
weighs approximately 92 grams. As in the design above described this float movos in a ver-
tical path withhi a ~tide tube whose diameter is slightly greater than that of the ffoaL,and in a
sindar way connects by means of a cord with the main pulley member of the indicator.

The pointer is attached ta a bronze rack (see fig. 2 (E)), ivhich is mounted on the faco of
the rotating pulley, so as to engage a pinio~ fixed to the and of the pulley betiring. The rack
is free to move radially. When the pulley is rotated by the cord attached to tho float, the rack
is rotated with it and forced outwaxd radially by the fixed pinion, thereby causing the end of the
pointer, which is attached to the rack, to describe a spiraI path on th~ dial. In this way tbe
pointer may make several re-rolutions without confusing the readings,

Float-resistance gage.+everal of the foreign gagw, such as the French Electro-Jauge.,
depend upon electrical means to show the position of the float in the tank. The float is held
in the usuaI manner by guide rods. An additional vertical column parallel to the guide rods
and passing through the cork float has a bare wire resistance winding along its entire length;
contact with this resistance element is made by a brush mounted on the float.

As the float changes its position with changes in gasoline level, the amount of resistance
cut into the circuit by the float contact varies. A galvanometers, properly graduated and
mounted upon the instrument board, shows tie pilot the amount of fuel in the reservoir by
giving an indication of the current flow through the resishmce in the circuit of which tho
galvanometersforms a part.

This type of gage is well adapted to remote indication. It is too complicated in construc-
tion, however, does not hold its adjustment well, and is likely to gcL uut of order.

PRESSURE TYPE.

Gasoline depth gages of the pressure type involve the use of a totnlly different principlo
from that of the float type described above. (See &s. 3 and 4.) The principle upon which
this design @ based @ hat of the pressure &fference ~etween the top and bottom of the gazo-
line reservoir caused by the head of gasoline. In general, this type is well adnptcd to distant
reading, and the indicator is USUa]lymounted on the ~trum~t board at some distanco from
the res-wvoir to which it is connect~d by means of metal tubing of small bore,

B c D

FIO.3.–Pre$+uu’eTYW 08sMneDepthGagee-Assembled,
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This arrangement poswsses the disadvantage of being more
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liable to leakage, and conse-
quent hazard ~o the &roraft and passengem~ i parti&&rly important point with fighting

machines,when the tubes are in constwntdanger ofbreakage from gunfire.
~nerti gage.—FiggM 3”(A) and ~), 4 (A) and (B) show views of =embIed ~d dis-

assembled American gasoline depth gages of the pressure type which depend on a stack of
nine meroid chambers for pressure indica-tions. Two metaI tubes of smw Wt= led from
the gasoIine reservoir i% the indicator. One of these tubes extends into the tank to within
about one-quarter of an inch of the bottam, -ivhilethe second tube simply w~ecta tO the top
of the reservoir above the surface of the liquid. The former then transmits a pressure, equivx
lent ta the air pressure above the gasoline plus that due to the head of gasoline, to the space
surrounding the aneroid chambers in the air-tight indicator case to which it is connected. The
latter tube transmits the air pressure only to the space inside the aneroid boxes with whh%
it communicates. Thus it will be seen that the elastic aneroid system fl” assume ik position
corresponding to the differential pressure existing between the top and bottom of the r&er-
voir-i. e., a pressure equal to that of the hydrostatic head of gasohne.

Two wire coils soldered tcIthe edges of the tmeroid chambers at one side prevenfi ~at side
from mov@ when pressure is appIiedl -so that the expansion is taken up by a tdting action of

.—

---—-

—

—

.=. _

.

“r&@===-

%@+
. .

O-s&+
FIG..L–Presmre TW Gawtlm ~pth Gaws-DisswmbIeIi.

the stack. This motion of the aneroids is preferable to the straight expansion, such as would
take place without the restraining wires; for by thetfitingactionb connectingIever is given
a proper motion wtich it trammits, t~ugh a Iink, to a toofied sector. me sector in ~
transmits the motion tu the pinion mounted on the poinfir arbor. A flat spiraI spring hokls
the pointer in equdibrium and takes up the backlash.

Figures 3 (C) and 4 (C), 3 ~) ~d ~ @) ~OW two form tYP~ Ofgaso~e depth gage for
use on raservoim which are not under pr=ure. A smd hand pump connected to a tube extend-
ing from the indicator @ the bottom of the fuel reservoir serves to supply enough air to eqmdize

the pressuredue to the head of gasolinein the tank. When the pump is operated so as to

supply a pressureequalto thatofthehead ofgasoline,bubblesofairareformed at thelower end

ofthe tube and riseto thesurfaceoftheliquid. This equalizingpressureis&uznitted through

a tube to theindicatorwhich isproperlygraduated toshow the depth offuelin the tank.

The French instrument shown with itspump assemb~ed and disassembledin figures3 (C)
and 4 (C) uses a singIe a~eroid chamber for the pressure eknent. The action of this type is
similar to that described above and will be .readdy understood after examination of the
illustration. .

——

—
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The British type of indicator showm assembled and disassembled in figures 3 (D) and 4 (D)
uses, as its pressure element, a specially treated fabric diaphragm approximately 90 mm. in
diameter. The air pressure from the hand pump exerts a force upon one side of this diaphragm,
which then becomes distended. The resulting motion of the diaphragm is greater or smaller
according as the necessary equalizing pressure for the head of gasoline is large or small. A rod
supported at the center of the diaphragm transmits its motion to the indicating mechanism
which needs no detailed expkqmtion.

& mentioned above, instruments of the pressure type lend themselves readily ta remote
indication, They are, however, subject to various errors due to several causes, chief among
them being leakage, friction, temperature changes, vibration, imperfect- elastic properties of
pressure element.

TESTmGOFGASOLINEDEmHGAGE9.

Tests qffiat type gages.—(iagesof the floattype are tested in the laboratcry to dettwmine
their calibration and operation characteristics, by properly mounting them on a gasoline tank
equipped with a wate@asa type of gage and provided with meana for rapidly filling and
emptying.

A careful preliminary insp~ction of the gage will usually disclose any important causes for
“poor operation, such as bent parts, etc. The gage y@ich appears tQbe in good working condi-
tion, is first mounted ,on the tank and a calibration is made by comparing its indications with
those of the tank gage as the gasoline Ievel is changed. This is first done with a rising liquid
surface and then with a descending surface. ‘ Differences in the two readings are usually due to
lost motion in the mechanism and should not be excessive. Readings should be taken both
with and without tapping so as to determine the fric~onal error. In case the float or other part
sticks so badly that slight jarring will not move it,.the instuent should be readjusted before
final calibration. “

It is sometimes advisable h .co~duct rough tests of the tightieis of metal floate and also
of the buoyancy of cork floats, although any difIicultiea of the kind wou~d usually be noticed
in the calibration tests. In making tests of a new type of gasoline depth gage it is advisable
to investigate, in addition to the above cha~acteristiiis,its behavior in flight or in a perturbed
liquicL

Tests of pressure type gages.—The apparatus required for the test@ of pressure type
g%oes ~mis~ of a simple liquid manometir of large bore with suitable scale and with con-
nections and valves to control the air prwsure from a source of supply. The scale may be
divided to read directly in inches of gasoline, or by the use of gasoline or liquid of equal specific
gravity in the mauometer the unmodified inch gradyationa may be used. In testing, the gage
is connected with the manometer and the source of air supply. Various pressures are then
applied and comparative indications of gage and mggometer noted.

The temperature tests are conducted in a thermally insulated chamber equipped ~tith
heating and refrigerating coils by means of which the tempemturo may be varied as desired.
Vibration tests are made by mounting the instruments upon a board which is caused to
vibrate by an electric motor mounted thereon and with an unbalanced weight upon its shaft.
By varying the motor speed the frequency of vibration may be changed and brought ta
approximately that which the instrument wotid experience when installed on aircraft. Addi-
tional tests which require no explanation will be noted in the report below. This specimen
report--will afTord an understanding of the various tests, and the results @ give a notion as
to the performance of gagea of the ar.mroidtype.

REPO~ ON TWO ANEROID TYPE GASOLINE DZPTIi GAGE%

Calibration test.—The two gages were calibrated at 22°C, – 3°C, + 50”C, and ako at room
temperature before and after being subjected to vibration, repeated strmsj and over pressure.
In each case the pressures corresponding to a serij% of scale readinga were determined, with
increasing pressures to fulI scale deflection and immediately afterwards with decreasing pres-
sure back to zero.
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Numerical resdts, additive corrections computed for gasoline of ~pecii3c gravity 0.68,
are given in the following tables and the accompanying graphs:,

kSTEUXENTNO.13.
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Fm. 6.-CeJibratfon cume$foraneroidgawhe depth gages. Temperature tests.

Friction test.-Rettdings taken with and without tapping with the dials of the instruments
verticsl showed the following difhrenoes:
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.
.

Both gages were slightly irregular in action, but not sufficiently so to warrant rejection.
hdination teet.-The differences of readings taken with the dials fit horizontal rind

then verticaI for a series of pressures up to full scale defection were as follows:
—— —.-.. . .
1 I

I .W.trumentNc8.
!Ditlerenees,

I I :$f$!
“1— 1. I

I I I.-

Dtijl and fatigue ted.—The error caused by the elastic fatigue of the diaphragms under
continuous pressure was determined by maintaining the instruments at a constant pressure
equivalent to a scale reading of 20 for five ~d one-half hours. The drift or increase in readings
at this pre9sure was as folIows:

,

a’”. .“’..
After subjection to 500 successive applications of a pressure equivalent t.ohalf scale deflcc-

tionj the calibration varied from previous values by not more than 0.7 inch of gasoline in any
case. Instrument No. 14 showed after this test an incre~se in the error of approximately
0.2 inch of gasoline throughout the scale.

~~ect of vibration.-l’he effect of vibration was determined by calibrating the instruments
before and aftar vibration for 18 houra on a machine which simulated the vibrations expcricnccd
in an airpltme in flight. In general, a slight incre~_e in the erro~ which reached a m~xhnum L ._
of 0.9 inch of gasoline was obtained (see plots). The pointer of No. 13 vibrated excessivdy—
from four to five divisions.

CURVENO.13 CURVEIWJ4

.-
20 10 m .5a 40

Inches of gasohe–gagereading Inches oj gasoline-gage reading

Fm. 6.~lIbratien cnmee for anereid gaeollne depth SW& Vibrationtests. (Roomtemptmtnre.)

Excess prewm ted.-The caIibiations of the instruments before and after subjection to a
. momentary pressure of twice the maximum scale value differed in no case by more than 0.4 ,

inch of gasoline. —,

FLOWME’J?ERS.

In connection with performanm tests of aircraft engines it is necessary that the rate of
fuel flow be ascertained. It is also often desirable that similar indications be available to the
aviator during long flights. Several types of instruments have been designed for this purpose
and the following description refem briefly to two typical ones.
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SCHROEDER FLOWMEJXE. (ECOXOMKTERJ

The instrument shown assembled and dismsembled at the right of @. 7 and 8 is the
flowmeter devdoped by Maj. R. W. Schroeder, of -the ~ni~ed States Air Service. The base
casting is designed so that the irdet pipe from the fueI reservoir connects directly to the -mrticaI
meter tube threaded into the base and held concentrically within a surrounding tube of glas
The Iatter is firndy held in place upon a cork nonleak gasket seat in the base casting by means
of a screw cap threaded at the top of the meter tube and extending over the glass. The cap is
SISOprovided with a gasket to make the joint flee from Lx&. A smalI adjustable screw threaded
centra.IIyinto the cap and with hollow shank connecting with the atmosphere thro~mh a smaU
‘radkd hole is provided at the top forventing the meter:

The inner verticaltube to which the feed Iineis

approximately9+ millimetersand a narrow longitudinal

flow-controbg aIitcut at one side to allowthe enter-.

ing Iiquidto flowfrom itintothe annuhirspaceincluded

between the innerand outertubes- From thisannular
space the gasolinepasses through the exit opening in

the base and thence to the motor.

A lightbrass plunger fittingkmdy in the cemtraI

tube has mointed upon it an index-pointei~tending

through the sIitand moving over a -i-erticalade as

the flow varies. This scaleisfastenedto thefrontflat

tied surfaceof the tube. When the meter isinaction

the gasoIineflowinginta the main tube exertsa force

upon the Iovrersurface of the plunger sufficient to over-
oome its weight and thus lifts it to a definite position in
depends directly upon the rate of flow.

connected has an inside diameter of

-.
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FIG7.—Flowml?t*A5sembM.

the tube. The height to which it rises

The instruinentshow in the ilIugtrationweighs 575 grams and has an over-allheightof

approximately 160 millimeters.The glass tuti has an interreddiamet= of approximately

26 millimeters.
E.A.E.M/&K ~ FLOWMKIXE.

The instrumentshown assembledand disassembkd at theleftof @urea 7 and 8 istheflow-

meter developed by the RoyaI AircraftEstablishment,of Farnborough, England. It isof the

vane type and givesindicationsofrateof flowbetween the limitsof 5 and 30 galIonsper hour.

Itsactionmay be desoribedas fallows:

The gasoIinefrom the fuelreservoirentersthe meter CASS through a two-way valve wh$h

may be turnedso as to by-passthegasolinewhen, forany reasonsuch SEbreakage of the meter!

thisprocedure”becomea desirable.Referr@ to the detailib.t.rationat the leftof figure8 a

fixedguide or baftleplateisseen projectingfrom the circumferenceof the case to the center.

The gasolineentersthe meter through an opening directIyat the rightof thisguide plateand ~ - ~

leavi%itthrough an exitopening direot.lyat theleftoftheguide. k passingfrom the entrance

‘to the exitsidethe gasolineimpingw upon the surfaceof a movable vane mounted upon the

centwd pointer spindle. %illcientcleartumeisleftbettieenthe vane and the surrounding

partsto allowtheliquidtopass,but inso doing itexertsstioient forceupon the vme ta move

itthrough a certainanglq themagnitude ofwhich depends upon the amount offlow. A helical

coiledspr&U holds the pointerwith the requiredforceagainstthe actionof flow.

inasmuch as.the displacementof the vue does not bear a Iinearrelationtothe rateofflow

when a leakagespace of constantareaisleftaround the vane,itisneoessaryto providemeans

forcompensating forthischiracter@ic. This iseffectedby having the space betvieenthe side

wall and the end of &g vane vary indepth,thusmrying theleakageRreaattie vtie extremity.

When the pointerisat itsminimum indicationthe vrme occupiesa positiondireotlyopposite

the entranoeopening. At thispositionthe space between the IVSIIand the end of the vane is

7 .-

. .

.—

—

—

-..-

-.-—



736 REPORT NATIONAL ADVISORY COMNTTEE FOB A?RO~AU~CS.

smallest.From this position it increases unifo~y to a point opposite tho exit opening, thus
giw@ the instrument a uniform. scal~. Tho cover-glass is held in place by a bezel ring, which
clamps it tightly ~~ainst a nonleakable gasket joint at the case rim.

The vane described above has a lengthfrom centerto end.of approximately36 millimeters

and a depth of 13* millimeters.The wall surroundingthe vane has a maximum heightof 15

millimetms,an insidediameter of 74”millimetersad ariou”taidediameter of 80 millimctcns. ._

The casehas an outsidediameter of gO millimetersand depth of approximately34 millimotera.

The instrumentcomplete weighs about I kilogram.,

.-

.

FIG.&—FIowmetera-DimmmLkd.

An older form of flowmeter. designed and used in Great Britain consisted of a suitably
mounted vertical glass tube thro~lgh which the gasoline flowed. The tube was ground inter-
nally so that the inner surface was conical and with &e smder end at the bottom. A p?msphor-
bronze ball within the tube assumed a position of equilibrium at a height where tho rata of flow
through the annular space between the ball and the walls of the tube was such that the upward
form on the ball was equal to the weight of the latter in gasoline. The scale fitted lmido the
glass tube was graduated experimentally to show the diflerent ratw of flow. A by-pass valve ‘
was provided so that the gasoline could be diverted from the tuba in case if breakage.

●


